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SECTION i. 

AM O N G S T the inftances and experi- 
ments produced in my public Courfes 
bf Chemiftry ih 1774, to illuftrate my no- 
tions of the polarity of matter, divers mix- 
tures of lime fand and water, were partif 
cularly confidered : and thefe being preferved 
and methodically arranged^ according to the 
plan of this fchool; foon fuggefted to me aa 
enquiry which I have profecuted with great 
attention ever finte that time; 

As the ftrepgth atid duration of our moft 
ufeful and expenfive buildings depend chiefly 
on the goodnefs of the cement with which 
they are conftrufted, I looked to the im- 
provement of mortar as a ftibjpdl of great 
importance, in this country particularly^ 
where the weather is fo variable and trying^ 
and the moytar commonly ufe&iS Co bad, 
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that the timbers of houfes' laft longer thatt 
the walls, unlefs the moulderuig cement be 
frequently replaced by pointing. But feeing 
that many years are requifite for the^ greateft 
degree of induration which, cementitious 
mixtures like mortar can acquire, or for 
our difcovering the imperfe£tions of them ; 
and that the life of man is too (hort to allow 
aiiy confideraWe improvements of them to 
be derived from fucSh experiments as had hi- 
therto been made, I refolved in the begin- 
ning of the year 1775 to inveftigate more 
clofely than I had hitherto done, the princi- 
ples on which the induration and ftriength of 
cakarious cements depend; hot doubting 
that this wotild lead me by an untried path 
to recover xyr to excel the Ronian cement, 
which in aqueduds' and the moft expofed 
ftruftures has withftood every trial of fifteen 
hundred or t\Vo thoufand years. 
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SECTION n. 

Experiments and Obfervations on hime-^jioni 
and Lime^ 

I Had dready learned from the dhafte and 
philofophic produ£lion& of Dn Blacky 
that calcarious-ftones which burn to lime^ 
contain a confiderable quantity of the el^ic 
fluid called fixable air or acidulous gas, 
which in combination with the €iarthy mat- 
ter forms a great part of the mafs and 
Weight of thefe ftones } and that the dif- 
ference between lime-ftone ^ chalk and 
lime, Gonfifts chiefly in the retention or ex- 
pulfion of this matter* 

, £xPEGTiNG to learn fbmething further 
relative to lime, and particularly, to difcover 
the caufe of the differences which appear ip 
cements made with different kinds of iime^ 
1 made the following experiments^ 

I PROCtJRED fpedmens of different kinds 

of lime-ltone and chalk, and breaking them 
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into fmall fragments, I burned them in cru^ 
cibles lined with lime to prevent the pieces 
from touching their crucibles and vitrifying at 
thofe furfaces which lay next to them : I like- 
wife burned the like fpecimens in crucibles 
perforated to admit a free current of air 
through theni ; and laftly, I expofed three 
pounds of either ipecimen to a graduated" fire 
in an earthen retort which was barely fuffi- 
cient to hold this quantity, and whofe neck 
I lengthened by fitting to it a glafs conical 
tube luted at the juniSiire with four parts of 
lime one of fine fand and as much difiblved 
glue fuch a5 the carpenters ufe, as was 
fufficient to form a pafte ; having found this 
luting to hold faft and to be impervious to 
any claftic fluid or liquor expelled in fuch 
procefles. I immerfed the extremity of the 
glafs tube in mercury, and inverting a bqttlc 
filled with mercury ovef the extremity of 
the tube, I received whatever water or elaf-- 
tic fluid was expelled from the calcarioui^ 
ftonesby the fire, and I meafured the quan- 
tity of thefe by inftantly applying a frefll 
bottle as foon as the former was filled. 
When all, the water was expelled, of when I 
knew the quantity of it contained in the 

lime* 



[ 5 J 
limestone or chalky I ufed a bafoii of water 
and bottles filled with water, making alloW:- 
ance for the matter imbibed by the water, ' 

To avoid a tedious detail of particulars 
vvhich do not immediately relate to the chief 
objedt of this eflay, I fhall only mention 
iummarily the moft pertinent obfervations 
which th^fe and other experiments afforded ; 
endeavouring that the terms in which I 
fhall deliver thefe obfervations fliall defcribc 
the experiments fufficiently for thofe wha 
are acquainted with modern chemi'ftry. 

Observation i, 
LiME-STONE 'or chalk heated only to red-- < ,' /,., 
iiefs, in a covered crucible, or in a perforated -^^^'l^.a • 
crucible through which the air circulates ^ ^^^'- 
freely, loofes only about one- fourth of it's 
weight, however long this heat be continued. 
The fort of lime fo formed effervefces conii* 
derably in acids, (lakes flowly and partially 
to a powder which is not white, but is grey ; 
or brown, and heats but little in flaking. 

In delcribing heats I do not regard the 

<J>cat in particular parts of the fuel, but 
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(Onljr that which the bodies themlelves 
are made to ronceiye equally through their 
whole mafs, whether they he in veflels 
which defend them confiderably from the 
Itdion of the fire, or fully expofed tq it by 
their immediate contaft with the fuel, 

bBSERVAtlpN, 2, 

LiME-sfoNE or chalk expofed to a heat hare-^ 
\y fufficient to melt copper, whether in a 
perforated crucible or otherwifei lofes about 
one third of its weight in twelve hours, and 
very little more in any longer time, This lime 
effervefces but flightly in acids; it heats 
much fooner and more ftrongly than the 
foregoing, when water is fprinkled on it, 
and it flakes more equably and to a whiter 
powder. Jn a variety of trials, this lime 
appeared to be in the fame ftate with the 
beft pieces of lime, prepared in the com- 
mon liiiie-kilns. For the quaptities of aci- 
dulous gas obtainable from both by a 
ftronger heat, or in folution, were nearly 
equal ; they flaked in equal times, with the 
fame phenomena, and to the fame colour an4 
Cpnditipn of the pov^rder, 
* 

O B S E Rr 



■ ' [ 7 ] 

Observation. 3. 
The lime burned in perforated crucibles^ 
or in the naked fire, is whiter than that 
burned in common crucibles covered, in 
which cafe the air has not fo free accefs to it ; 
altho' the lofs of weight be the fame in both ; 
but this latter kind of lime, in flaking^ 
. affords as white a powder as any other 
which has loft equally of its weight. What- 
ever portion of phlogifton it retains to pro- 
duce this dulky colour,^ is either detached in 
the flaking, or does not fenfibly affe£t the 
lime in any ulcj^ to which I applied it. 

Observation. 4. 
When dry chalk or lime-ftone is ufed, in 
the procefs above defcribed for making lime 
in qlofe veiiels, and for examining the matter 
which is expelled by fire, the quantify of 
water obtainable from it by any heat, is fo 
inconfiderabk a3 td deferve no notice in gyr 
menfuration of that matter.. 

Ob se r va t I: o n.. 5. 
Chalk or lime-ftone heated gradually in 
thefe clofe veflels, lofcs very little acidulous 
ga^ until it begins to redden: after this the 

B 4 elaftic 



claftic fluid iflucs from it the quicker as the 
heat is made greater, and continues to iljue 
until the retort glows with a vivid white heat 
fufficient to melt fteel; 

0;5SERVATI0N. 6 

Forty-eight ounces of chalk yield twen-* 
ty-one ounces of elaftic fluid, the firil por- 
tions pf which are turbid as they ifllie, but 
ibon become clear without lofs of bulk, by 
the cbndenfatipn of the watery vapour : the 
remaining portions iflue tranfparent and in- 
' vlfible. One thirty-fixth of this elaftic fluids 
and ibmetimes much more of it, is phlogiftiq 
air, the remainder is pure acidulous gas. 

Observation. 7 
The refiduary lime of forty-eight ounces, 
of chalk, urged with fuqh heat to the total 
expulfion of the elaftic fluids, weighs only 
twenty-feyen ounces, wjiilft it is red hot. 
When it cools it weighs more by reafon of 
the air which it imbibes as the fire efcape^ 
from it* 
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• Observation 8. ; 

When no more heat is employed than \^ ^^ 

jieceflary for the expulfion of thefe elaftic 
fluids, the refiduary matter is found coa* ' 

tra£ted fenfibly in volume, and is good Ume^ 
tho' not fo white as lime prepared ia the 
ufual way. With water it flakes inftantly, • 

grows hilfuig hot and perfcdly white. The 
flaked powder is exc«dingly fine, except in 
thofe parts of the lime which lay in coluaft ^^ 
with the letort, wliich are always fuperfi- , . ^ ^/^ 
cially vitrified, becaufe clay and lime pro-z^V, v' 
|note the vitrification of each other* 

Observation 9, 
The lumps of this lime, immerfed in linger 
water, or boiling water, to expel the air 
which fuch fpongy bodies imbibe in cooling, 
diflblve in marine acid without fliewnig an/ 
fign of efFervefcence, 

Observation id. 
LiME-STONE or chalk gradually heated in 
jx crucible, px on the bed of a reverberatoxy 
/jifJiace, or in contact with the fuel in a 
wind furnace, does not become perfectly 
Aonefjervefceut and firailar to the lime lafl de- 
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fcribed, in flaking inftantly, and growing 
hifling hot when watex is fprinkled on it, 
tintil it has, after a ftrong red heat of fix or 
eight hours, fuftained a white heat for ati 
hour or more. I underftand by a white heat, 
that which is fufficient to melt caft iroii 
Compleatly. 

O B S E R VA T I O K. II. 

Lime-stones heate3 fufficiently to reduce 
them to lime which flakes inftantly with 
the figns above defcribed, and which is 
perfectly noneiFcrvefceut,- do not in gqneral 
A'"^ ^'-' * * ^^^^ ^^ much of their weight as chalk-ftone 
f^t ? ^-^ "-' does, under the like treatment. Some lime^ 
' / /''I'i'^ ftones lofe little more than a third of their 
//. % . -i {) weight. Thofe which lafe the moft„ 
flake the quickefl: and to the fine A pow- 
der ; and thofe which lofe the leaft, (take 
the flowefl and to a gritty powder conv^ 
pofed of true lime and particles chiefly gyp-^ 
feous4 

Observation, i2* 
The quantity of gypfqm, or of other 
\^, c^thy matter in well burned lime, is difcover- 
' able by weak marine acid ; for this diflblvcs 
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and wafh^s away the lime, leaving the gyp* 
fum to be meafured when dry, the part of 
the gypfum which diflolves being too Imall 
to deferve any attention ; sCnd if any other 
earthy matter or any faline iliatter eiifted in 
the lime-ftone, it vitrifiear with part of the 
calcarious matter in the heat necefliiry for 
making nonefFervefcent lime, and is feparable 
by the means laft mentioned, and even by a 
fine fieve in moft inftances* 

Observation. 13. 
WnfiN lime-ftone or chalk is fuddenly 
heated to the higheft degree above defcribed, 
or a little more, it vitrifies in the parts which 
touch the fire veflels, or furnace, or fuel, and 
the whole of it becomes incapable of flaking 
freely pr afting like lime. Lime-ftone is 
the naore apt to vitrify in fuch circum- 
ftances, as it contains more gypfeous pr argilla- 
ceous particles ; and oyfter-fliells or cockle- 
fhells vitrify more eafily than lime-ftone or 
chalk, when they are fuddenly heated ; 
which I impute to their faline matter ; for 
when they are long weathered, they do not 
vitrify {q eafiljr, 
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Observation. 14. 
The agency of air is no further ncceflarjF 
in the preparation of lime, than as it operates^ 
^ the combuftiQH of the fuel, - 

Observation, i^* 
Calcarious ftones acquire the properties 
pf Uqfje in tl^e nioft emineot degree, when 
they are flowly heated in fnxjU fragment^ 
Xiptil they appear to glow with, a white heat, 
y^hen this is continyed until they become 
;joaefiervefcent, but is.not.augmented. The 
art of preparing good lime conliJfts chiefly ir\ 
t^iefe particulars, 

f Pbservation 16. 
That Ume is to he accoviuted the pureft 
^nd fitteft for, experiment, vk^hether it be the 
l^eft for mprtar qr. not, which, flakes the 
quickeft and heats the moil in flaking, 
which is whiteft ajid fineflr when flaked, 
which when wetted wifh lime-water, diflblves 
in marine acid : or diitilled vinegar without 
efferyefcence, and leaves the fmalleft quantity, 
of refiduary undlflolved matter. 
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Observation 17- 
The quick flaking, the colour of the ,^ ^ 
flaked powder, and the former acid, zxfi jlj/' y^'*^ 
the mofl: convenient, snd perhaps the beft /^ f.^ ^ ^ ; 
teftsof the purity of lime. The whitenefs /?>.-- ; 
denotes the lime to be free from metallic im- '^'^^ ,':^/'//' "^ 
pregnation; the others fliew any im()ezfec« J 
tions in the procefs of burning, and the he- ?^.>-- 
terogeneous matter inieparable from th^ 
calcareous earth by buriung. 
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SEC T TO N m, 

Bsn^arh Git: the .Bhiogijiicaied uiir. which ap^^ 
ii^j^ri^S^n^ ofjhefategQmgJELXperinients. 

& ^phloj^ftratted air had not ieen no- 
ticed in OTiy experiment heretofore 
tnade on chalk or Hme-^ftone, I'lrefblyed to 
examine the elaflic fiuid^detached fi^om them 
in the ufual method. 

I extricated leveral gallons of claftic 
fluid from chalk, during the folutidn of it in 
marine acid diluted largely with water ; and 
after agitating this elaftic fluid with the necef- 
fary quantity of water, and fonietimes with 
lime-water, until all the acidulous gas was 
imbibed by them^ I found ^ refidue cdn- 
lifting of common air, which was about one 
twenty-eighth of the bulk of the acidulous 
gas, in fome trials, in others it was much 
lefs. 

As I have not had time to examine lime-^ 
ftonjps in the fame manner, or to profecute 

this 
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this fubjeft by other experiments, and as It 
does not app^ear fuificiently interefting in our 
prefent enquiry concerning calcareous ce- 
ments, I muft content myfelf with oiFering a 
conjedlure concerning it. 

The air which is extricated during the fo* 
lution of chalk, feems to be that which 
chalk, like other porous bodies, imbibes by 
capillary attraction ; and it retains its proper 
chara£ler, becaufe all the phlogiftic matter 
of chalk is held in the folution. It may 
happen likewife that fome air efcapes from 
the water whilft it imbibes the acidulous 
gas, which it attrafts more forcibly; and 
this air from the water may contribute to the 
bulk of that which appears in the folution of 
calcarious bodies. But whilft chalk is de-. 
prived of its acidulous gas by the aftion of 
fire, the air which was held in its pores, 
and which attrafts phlogifton, is expelled in 
combination with phlogifton, and confe- 
quently in the form of phlogiftic air ; and , 
the air contained in the pores and in the 
cavity of the retort, contributes to the bulk of 
the phlogiftic air obtainable in this manner. 

This 
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- This cdnjedure appears the more probabfe 
tvheh we confider,* that the quantity of air* 
imbibed by porousf bodtesr isr much greater 
than it appfearS in any experiment^ made with 
the air pump; as I fhewed in my public 
ccurfe of chenuftry in 1776, by the great 
iticreafe of weight, whiah red-hot charcoal 
acquired in cooling in veflels inta which 
nothing ponderable but aif was admitted^' 
The. fame attraatv6 powers which draw aii^' 
into bodies, and condenfc it in them, refift 
th6 expansion and efcape of it in the void t 
and detain, in fuch afituation of the bodies^ 
that quantity, whofe repulfive powers ar6 
counterpoifed by the attraftive powers. 
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S iE C T I O N IV. 

Experiments Jhewing that Lime is better fof* 
Mortar as it retains iefs acidulous Gas^ and 
Jhewing fome of the Caufes of the ImperfeSlion 
^ of common Mortar^ 

ON divers confideratlons it appeared to 
me, that the perfedion of lime for 
xoortar confifts chiefly in the tdtal expulfion 
of the acidulous gas ; but to be better fatis- '^^' -- >^^//^5 
fied of the truth of this opinion, 1 made fe- ^/ ,. ,^^/w 
veral parcels of mortar, the defcription of y^""^' ^ 
which will be abridged by obferving in this 
place concerning all of them, that the fand 
employed was coarfe Thames fand, fuch as 
I ufe ill my fand baths ; that the lime was* 
flaked as fbon as it cooled after beiiig burned, 
and with the fmalleft quantity of water ne- 
ctflary for this pufpofe ; that it was fifted 
through a fine brafs wired fieve as foon as it 
was fully flaked; and that each parcel of 
mortar was beaten and briflcly formed with 
the quantity of water which was barely fuffi- 
cient to give ft the ufual confiftence^ which 

C quantity 

■^>x^^*Jt^Uifi^i/. i^iaUL. k^^^\ /.-.Mv. '/.'*>.. - 
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^quantity I fliall expr efs in the pHarmaceu* 
'^mi^a^. lical method by^ fl^ 

Specimen !• 
San4 — — 3 

Jhireft ftonc limft, defcribed in Obf, lo, 
^ and 1 6, {e£k^ 2, — ,i 

Water, q»ll 



' 2. 

Sand, — — I 

Pureft ftone lime, laft mentioned, s 

Water, <j. f. 

3- 

Sand, — — 3 

Pureft chalk lime, defcribed in obf. lo 

and 1 6, fed. 2* — i 

Water, q. C 

4- 
Sand, -— *-- 6 

Pureft chalk ii^ie, laft mentioped, i 

Water, q.f. 



5« Sand 



iaiid . . -T- .— ' 

Stone lime of the befl kind, except that 
it tvas burned no furthei: than is ex- 
prefled in the fecond obfcrvation of 
the fecond fedion, fC^^'y^-'^^^ .^f^c//^ 

Waterj q, £ 

" ^* • 
Saiwi, i— -i ^ 

'The laft mentioned ftone iirnci 1 

Water, q. f< 

Sand, ^ *-* S 

Ghalk linde deferibed in the fecond otlfer- 

vation of the fecond fedion, 1 

'Water, q^-f. = 

•^. •> • 

fearidj — -^ » 

The laft rtientiofted chalk lime, .>^ 

Water, q.f. 

^' 

Sarid, -^ ** 3 

Imperfe£l lime, deferibed in pbf. i, fe£l:. ^, 
btit formed of the beftlime-ftone, I 

Water, q^C n a 

G a xo. Sandj 



J 



I *o ! 



lO. 



The foregoing lime> -— 

Water, q- f> 



I: 



IK 

Sand, — — 3" 

Imperfeft chalk lime defcribed in obf. i, 

fe£t. 2, , , — — I 

Water, q. f. 

la. 
Sand, — —-6 

The lafl: mentioned lime •— i 

Water, q. li 

The lime of the 9, 10, 11, and 12 fpi?- 
cimens was flaked whilft it was hifling hot, 
in a covered veflel ; becaufe it would not 
il^ke fufEciehtly when it was fufFered to cool 
•before the water was fprinkled on it, or 
when it's heat was foon diffipatcd by a free 
expofure to the air and hafty evaporation of 
the water : And as this lime required feveral 
hours to flake, . I put it into a bottle as foon 
as it was cool, and kept it well fl:opped for 
twenty-foujT hours before I lifted it. 

At 
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■ At the fame time I made two fpecimcne 
of mortar with common chalk lime and fand 
in the foregoing manner. 

' Each fpecimen was fpread as fbon as it 
was made, to the thicknefs of half an inch 
^on a plain tile previoufly foaked in water ; 
the tiles were numbered and kept clofe by 
each other in an airy part of my elaboratory 
until the mortar was dry, and then they 
were equally expofed, (landing upright, in a 
place where the air fun and rain had free 
^ccefs tothem. 

In the courfe of fourteen or fifteen months 
thele fpecimens afforded me a great deal of 
information, which will be noticed in due 
time ; even in the firft fix months they fliewed 
me clearly that lime is the better for mortar 
as it is more perfectly freed from acidulous 
gas. For when the comparifon was made 
between fpecimens of mortar confifling of the 
fame quantities of lime and fand, I found 
that the mortar made with well burned non- 
tffervefcent linae,, hardened fooner and to a 
much greater degree, than mortar made with 
common Hme or my flone or chalk lime 
Q S burned 



%< vi^ ^ ^. l^ufftfcd lA the manner exprcflcd in the fe6on<il 
Ai>*>^ /C^ <V obfervation cf the fepond feftion : anH the 
%'jZ^^ ipecimens made with the ftone or chalk lime 
which was leaft burned, were Incomparably 
worfe than any of the others ; for they never 
acquired any confiderabk hardnefsf, and they 
mouldered in the winter, the Iboner as they 
contained more of the Jime and cracked tnorc 
in drying* 

1 pbferved that the fpecim^ns whiph con% 
tained the fmaller quantities of weH bume^ 
lime cracked much Jefs than the others, or not 
at all ; that they adhered to the tiles more 
firmly, and were lefs injured by freezing ; but 
lis the fpecimens made w;th an excefs of thfe 
beft burned lime \viere not more cracked than 
thofe made with equal qu^ntitiesf of the othet? 
kinds of lime, and as I could diftinguiXh the im^ 
j)erfe<JI:ipns arifing from the excefs of lime, front 
thofe which proceeded from the bad quality 
S^Zd'f i.^ '^ of it, I was fatisfied that t;he limeVhich i^ 
■;^y.t ry;^^i^^ 1$ the beft for mpr4:ari 

"■ CoKSiDBRjNO the heat, which I found ne-* 

6,!r^i,t.TJ^^*'^y to extricate the M portions of acidu- 

' /;„„ , ,.. . Jgus gas from chalk or lime-ftone, to be miichr 

ci.. , ; /^X-«/;. ^ greater. 
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greater than what is ever excited in making; 
lime in this country or elfewhere, fb far as T 
had obfervcd or could learn from others ; I 
fufpefted that the lime commonly ufed in 
building is feldom or never fuifficiently burned.^ 

On repeated trials of feveral {pecimens of 
fuch lime, I found this fufpicion to be well 
founded, for they all effervefced and yielded 
acidulous gas, more or lefs, during the fblu- 
tion of them, and flaked flowly in compa- 
rifon with well burned lime. 

To render the efFervefcence confpicuous, a 
ftrong acid ought tg be ufed, becaufe thq 
quantity of water in a diluted acid, retains a 
proportional fliare of the acidulous gas, and 
a certain quantity will retain the whole of it. 
andjprevent the efFervefcence ; becaufe the ef- 
fervefcence depends on the efcape of the elaftic 
fluid out of the fblution. This is exemplified 
in the mixture of diluted vitriolic acid with 
the diluted Iblution of fait of tartar, lately re* 
commended as a medicine by Dr. Hulme : for 
thefe folutions mix without effervefcence ; 
jdthough a more concentrated folution of the 
C4 alkali 



alkali mixed with vitriolic acid ciFervcfcea 
violentl^y. 

By feveral experiments, thfef relation of 
ivhich is not neceflary for thofe who are in- 
ilru6bed in chepiiftry, and would be uninte- 
refting to others, I found that the chalk lime . 
Vfed in Lbndon, when taken as frefli as it can 
be had at the lime-wharf near Blackfriars- 
bridge, confifts of pieces which being the 
beft burned contain, efpecially in their cen- 
tral parts, about one- twentieth of their weight 
of acidulpvs gas; of others which contain 
jnore ; and of others which retain near half 
their original quantity; that thefe laft are 
eafily difcoverable by their fpecific gravity 
and hardnefs ; and that this is the parJt of 
4)ur common lime, which flakes the lateft and 
of the dulkieft colour, or which never flakes 
9t all. 

On a peck of this lime I fprinklpd water, 
endeavouring to flake it equably by tlirowing 
the n\ofl: water on thofe pieces which re- 
quired it mofl:. After the lime had flood a 
quarter of an hour, to flake, I fifted it through 
i fieve whofe a|)ertures were fquares of one 

fixteenth 
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fixtecnth of an Inch ; and theii meafurlng 
the part which could not pafs through the 
fieve, I fo\ind it to be about one fifth part of 
a peck. 

I fprinkled boiling water on this coarfe 
part, and put, it in a dole veflel in a warm 
place to accelerate the flaking of it. 

I jbade a parcel of mortar with one part of 

the fifted lime and three of fand with a fuffi- 

cient quantity of water ; and another parcel 

with one part of the lime fix of fand and the 

peceffary quantity of water ; and I tried 

them upon tiles in the manner already related, 

in the month of April, the weather being 
dry. 

The foregoing coarfe portion of the lime, 
after three hours, was flaked in feveral parts 
to a greyifli powder, and I could perceive 
that more of it would flake in a longer 
time. 1 anticipated this by reducing the un*" 
.flaked part to powder and mixing them toge- 
Jh?r, 

WiTb 
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^ With this powder apd fiind and water I^ 
the foregoing proportions I made two fpeci- 
mens of mortar, and expofed them as I h^d 
4one by the former. ^ i 

In a few months it appeared that the fpe* 
^imens I^ft mentioned fcarcely deferved thq 
name of mortar ; whilft thofe made with the 
firft flaked part of the lime, were but little 
inferior to the befl: fpecimens made with the 
fame proportions of chajk Ijme and fani 

Thesb; experiments confirmed me in the 
ppinio^ that lime is the better for mortar 
as it i-s freer from acidulous gas ; they fhewed 
jpne of the caufes of the badnefs of our com-f 
mon mortar ; and how to manage ill-burnt 
lime, when better pannot he hadt 

Tbe workm*en ufuaUy flake the lime 
mixed with the fand or gravel in great heaps^ 
and do not fkreen it until the moft ufeful 
part is debafed by that which flakes after fivQ 
pr fix hours or more, and which is little bet-* 
ter than fo much powder of chalk. But if 
thfy would flcreen the liifie in about half an 

. V hour 
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Jiour after the water h thrown on it, th« 
mortar would be much better^ although the 
quantity of lime m it fliould be njuch lefs 5 
for I obferved in all the foregoing fpecinaens^ 
that thofe which contained the fotalle^ 
quantity of lime were the beft; and this 
quantity is much fmaller than is ufually em- 
ployed in making mortar^ 

These remarks are applicable ^o mortar 
jnade with ftone-lime ; though the ftone-linie 
]be generally better than the chalk-lime ufed 
in London, becaufe they are obliged to burii 
jt better, as it will not flake othervyife. 

Jn the brief relation of thefe experiments I 
Jiave? taken no notice qf the flint kernels which 
frequently occur in chalkrlime, or of the 
pdier ftoney mafles different from the cal- 
jjarious, whiph are found in lime-ftone ; her 
icaufe I tpok car^ tl^at they fhould not lea4 
fne into any eryors* 

.When firft I noticed the quantity of chalk- 
}ime which flakes lateft or not at all, I fuf- 
pieded that this difference inight in fome de- 
gree be owing to the adm|:j?ture of argillaceous 
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^r other matter ; but on trying thefe parts in 
^cids, and after burning feveral specimens of 
them, I was convinced that the only impe- 
diment to their flacking coniifted in their 
:not being fufficiently burnt in the kiln* 



SECTION 
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SECTION V. 

Expenmentsjbewmg how quickly lime imbibes adi* 
dulous gasy ' and is injured by Expofure to Air : 
PraSlical IndudiionSy &c. 

IT was already known that lime expofed 
to air gradually lofes thofe charafters 
•which chiefly diftinguifh lime from whiting' 
or powder of chalk, and that it refumes the 
acidulous gas which had been expelled from 
it in burnrng. But as I was defirous to know 
in what meafure or time thefe changes take 
place, and in what circumftances thej^ are 
accelerated or retarded, I made the follo^Ving 
Experinidnts. - 

On the 22d of Auguft 1776 1 expofed two 
pounds avoirdupoife of well-burned nonefFer- 
vefcent chalk lime, in fragments of the fize 
of a walnut fpread on a board, in a dry un^ 
frequented room. I expofed the fame quan- 
tity of this lime, at the fame time and in the 
feme manner, in a paffage through which 
there was a conftant current of air ; and I 

put 
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^Ut the fame quantity of this lime, ill frag-^ 
ments of the fame fize, in a box which might 
hold as much more of it, and placed the box 
loofely covered with its lid, clofe by the firfl 
portion of lime* 

In 24 hours thei fuperficiai lumps of th6 
firft parcel cracked in fome parts a little, thofe 
of the ibcond cracked more, thofe of the 
third were not vilibly altered. In forty-eighl 
hours the firft parcel cracked fo much as to 
fall into fmaller fragments on being movcd^ 
and thefe were reducible to powder by pref^ 
iing them between the fingers : The fccond 
parcel underwent the like or rather a greater 
change, for it was more cracked and friable : 
The third now begun to crack in the fu^ 
perficial parts* 

On weighing them, I found that the firflr 
parcel weighed two pounds five ounces, the 
iecond two pounds fix ounces and one drachm^ 
the third two pcfunds one ounci ten drachms: 
1 then returned them to their forraier ft^ 
tions. 



In 
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In fix days the firft parcel weighed two 
pounds ten ounces feven drachms ; the fe- 
cond two pounds twelve ounces one drachm ; 
the third two pounds fout ounces eight 
drachms. 

In twenty-one days the firft parcel weighed 
three pounds one drachm ; the fecond three 
pounds two ounces one drachm and a hdf; 
the third two pounds fix ounces eight 
drachms. 

DxTHiNG this increafe of weight the frag- 
ments fplit into fn:aller pieces, but did not 
fall into powder, except in a fmall part of 
them, or when they were handled. 

By fimilar experiments niade on well burned ^^^^ ^;]// 



ftone lime I found that this imbibes matter ^'^^^>^^^-*^^ 
from the air nearly in the fame manner ^%''>^j':;/^,-^'j^'/-^ 
chalk lime, but rather more flowly ; which I J ///...- .^/^ ■ r 
think is owing to its clofer texture. 1^^ X/Jl ^^^ 

On eipofing common chalk or ftone lime 
in the fame way, I find that it increafes ia 
weight much lefs and more flowly. I 

^ - ' To 
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To difcoycr the quantity of water which tlig 
lime imbibed from the air, and which con" 
tributed to this increafe of weight, I put each 
parcel in a glafs retort ; and adjufting to it 
my apparatus whereby all that is con*- 
dcnfible is faved, whilft elaftic iluids are it 
liberty to efcape, I found that the quantity 
of water contained in each parcel of limey 
.was nearly in fome, and in others accu- 
rately one-twenty-fourth of the gained 
weight, the remainder of the weight gained 
was of acidulous gas mixed with a little air, 
which latter I do not reckon, becaufe it was 
already weighed in the lime. 

If a glafs bottle be filled with fragments of 
well-burned chalk lime, or ftone lime, or 
(hell lime, and well flopped with a ground 
glafs ftopple flightly waxed where it fits th^ 
neck of the bottle, the lime wiil remain uii- 
^Uered in weight, or in any other known, 
particular, for a year or two ; as I have re- 
peatedly experienced : even the phofphoref- 
cence of lime is thus preferved in its full 
luftre, for a year or more. 

• • 

Thus it appeared that wxU burned lime 

imbibes 
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IJjibibes acidulous gas from the air, the 
fooiier as it is the more fully expofed to 
it : that lime imbibes this matter from the 
open air, the more greedily as it is more per, 
fe£lly deprived of it previous to the expofure : 
that lime camiot be long preferved unal- 
tered in any veflels which are not perfedlly 
air-tight, but may be kept uninjured for any 
time in air-tight veflels filled with it: that^ 
chalk lime, by reafon of its fponginefs, or 
by fome other condition of it, requires to be 
kept lefs expofed than ftone lime, and well 
burnt lime lefs expofed than common lime, 
to render the depravation of them equal in 
equal times : that if acidulous gas imbibed 
by lime previous tp its being ufed in mortar, 
\^e as injurious to the mortar, as the acidylous 
gas retained in equal quantity by ill- burned 
Jime is, lime grows the more unfit for mortar 
every hour that it is kept expofed to air^ 
whether in a heap, or in caiks pervious to 
air. 

I THINK moreover that thefe experiment? 
fhew that lime undergoes thefe changes by 
expofure, much quicker than has been fuf- 
pedled ; fince well burned chalk lime kept in 

D a 
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a dry room, imbibes near a pouud of acidulous 
gas in three weeks, in the lummer ieafbn. 

Not to truft to theory v/hat I could prove 
by experiment, I did not reft fatisfied with 
the obfervations and reafons which might 
perliiade one that lime, which has imbibed 
fbme. acidulous gas, is as unfit for the ufes 
now under confideration, as lime which re-» 
tains an equal quantity of the like mattef 
by reafbn of the deficiency of heat in burji- 
ing it. 

I TRIED parcels of well burned chalk and 
ftone lime, fome of which were ufed frefh, 
others expofed two days, others fix days, 
pthers twenty-one days, in the fame circum- 
ilances ; by making feveral fpecimens of 
mortar with them, and expofing the Ipeci* 
mens in the manner already related : and in 
a few months I was fatisfied that the fpeci- 
mens made with frefh lime were the hardeft 
;and heft, and that the others were worfe as 
the lime of them had been longer expofed ; 
for thofe made with the lime which had 
6een expofed three weeks and had gained ^ 
foyr pr five ounces tp each pound, were fo 

eafily 
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eafily cut or broke, fo much' affefted by 
moifture and drying, and (b liable to break 
ofF from the tiles, as to be utterly Unfit for 
the ordinary ufes of mortar. ^ * 

After this there remained no doubt thatlime 
grows worfe for mortarevery day that it is kept 
in the ufu^l manner in heaps or in crazy calks ; 
that the workmen are miftafcen in thinking 
that it is fufficient to keep it dry ; that lime 
may be greatly debafed without flaking fen- 
fibly ; and that the luperficial pirts, of any 
parcel of Ume, which falluito fmall fragments 
or powder without being wetted, and merely 
,by expofure to air, are quite unfit for mortrfr f 
fince this does not happen until they have 
imbibed a great deal of aci^dulous gas. 

I NOW faw more clearly another caufe of 
the imperfeftion of our common cements. 
The lime being expofed a cohfiderable time 
before it is made into mortar, and drinking. 
in acidulous gas all the while, the quicker as 
it is the better burned, is incapable of ailing. 
like good lime, when it is made into mortar ; 
and often approaches to the condition of 
whiting, which with fand and water make? 
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a friable pcrifljablc imafs, however carefuilji 
it be dried. In London particularly they ufe 
lime which is burned, at the diftance of ten 
or twenty miles or more, in Kent and elfe- 
where, with an infufficicnt quantity of fueL 
This lime remains in the kiln, to which the 
air has accefs, for many hours after it is 
burned. It is expofed for fome days in the 
tranfportation, and on the limerwharfs ; and 
it undergoes further expofure and carriage 
before the artift (Jakes it for mortar. It 
is no wonder that the Jlx)ndQn mortar is 
bad, if the imperfection of jt depended 
folely on the badnefs of the lime ; fince the 
lime employed in it, is not only bad when it 
comes freih from the kiln, but becomes 
worfe before it is ufed, and when flaked i? 
as widely different from good lime, as it is 
from, powdered chalk. 
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SECTION VL 

iLxperimenis and Obferoalions made to deUrmine 
whether Mortar be the better for^ being long 
kept befote it is ufed. 

I AM generally difpbfed tb think that 
there is fome good reafon for any prac^ 
tice which is common tdf all inen of the 
fame trade, although it may not be eafily 
reconcilable to the notions of others: and^ 
ffeeing that the builders flake a great quan- 
tity of lime at once, more than they can ufe 
for fome days, and that all thofe, whom I 
converfed with, efteemied mortar to be th^ 
better for being long miade before it is ufed ; 
and that plaifterers particularly follow this 
dpiiiioh in making their fiher • mortar or 
ftucco for plaiftering wilihin-doors ; I was 
defirous to difcover the grounds of thefe 
meafures fo repugnant to the notions gathered 
from the fbregding experiments and others. 

In the month of March 1777 I . made 

about a peck of mortar, with one part of the 

D 3 frefheft 
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freiheft and befl: chalk lime flaked, fi^r partsf 
of fahd, and water q. f; for in a great number 
of experiments, 1 obferved that this propor-* 
tioji of lime was better than any larger which 
I had tried, or which the workmen obfervc 
in making mortar. 

1 FORMED the mortar into an hemifphe- 
tical heap on the paved floor of a damp eel* 
lar, where it remained untouched twenty- 
four days. At the expiration of this time, 1 
found it hardened at the fur face ; but moift, 
and rather friable or ihort than plaftic in the 
interior parts of it. 

, I BfeAT the. whole of it with a littl*water 
to its former confiftence; and with this 
mortar and clean new bricks, I built a wall 
eighteen inches fquare and -half a brick in 
thicknefs, in a workman-like manner. On 
the fame day I made n^ortar of the fame 
kind and quantities of frelh chalk lime and 
fand, tempered in. the fame manner; and I 
built a wall with it, like the former, near it, 
and ^xpofed equally to the weather. 
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t EXAMINED the mortar in tlje joitxts of 
thefe walls every fortnight, by picking it 
with a pointed knife, and could perceive a 
very confiderable difference in the hardnefs 
of them ; the mortar which yrzs uf^d frefh 
being invariably the hardeft^ 

At the expiration of twelve months, iri 
pulling thefe walls to pieces, and by feveraj 
trials of the force neceffary to break the 
cement and feparate the bricks, I found the 
mortar which had been ufed quite frefli, to 
be harder arid to refift frafture and the fepa^ 
ifation of it from the bricks, in a much greater 
degree than the other fpecinien^ 

CoNSiiJERiNG that mortar expofed in the' 
foregoing manner, muft imbibe fofne acidu- 
lous gas, though not fo touch, perhaps, as the 
dry and fpongy lumps of lime drink in, dur*^^ 
ing the fame time ; ttrat the additional quan- 
tity of water neceffary in beating it up the 
fecond time, muft have introduced more 6f 
the like matter, as all native waters contain 
fome quantity of it; that the frelh expofure 
in the laft mentioned agitation of^^thq mortar 
muft have contributed fornething to the faijae 
D 4 efFe<a; 
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cffeA^ and laftly that the event of this expft- 
riment coincided with the notions aheady de- 
rived from others ; I concluded that mortar 
grows worfe every hour that it is kept be- 
fore it is ufed in building, and that we may 
reckon as another caufe of the badnefs of 
common mortar, that the workmen make 
too much at once, and falfly imagine that it 
is not the worfe but better for being kept 
fome time* 

Having in confequence of thefe obferva- 
tions had a great deal of converfation with 
workmen on this fubjeft, I could perceive 
the origin of this error* 

Some portions of every kind of lime ufed 
in this country, do not flake freely, by rea- 
fon of their not being fufficiently burned, 
or of the admixture of gypfeous or argil- 
laceous matter ; and thefe, Hke marie, flake 
in time, though not fo quickly as the purer 
lime. 

The plaifterers, who ufe a finer kind of 
mortar made of fand and lime, obferve that • 
their plaifl:er or fl:ucco blifl:^rs, when it con- 
tains 
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tains ftnall bits of unflaked lime; and as tHeir /^. _ 
purpofe is to work their ftucco to a fmooth ^^^ ,^C ?«^ 
furface, and to fecure it from cracking, or any ^^''' {^ / 
' fuch roughnefs as would be occafioned by ^ ^^aU^rL 
the Haking or mouldering of bits of calca- ij^t^ 
repus matter in the face of it ; and as the hard- 
nefs of the ftucco is not their chief objeft ; 
they very properly keep their mortar a confi- 
derable time before they ufe it, to the end 
that the bits of imperfedt lime, which pafled 
through^ the Ikreen, may have time to flake 
thoroughly. 

It appears to me that there is another rea* 
fon, which the workmen do not notice, for 
their procefs. * Lime foon imbibes fo much 
acidulous gas from the air, as to be in- 
creafed in bulk, and in weight beyond the 
half of its former quantity; and as ftucco 
for infide work, for the fake of a fine grain 
and even furface, muft have a greater quan- 
tity of lime in its compofition,> than is ne- 
ceffary for cementing the grains of fand to- 
gether ; the incruftation would, by the accefs 
of acidulous ga? after it is laid on, be apt. to 
fwell and chip and iofe the even furface, 
if the lime were frefli when it is ufed in this 

exceflive 
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ttcteflire ^xuntity. But this incc«(iveniei>ce 
1$ obviated by their procefles, in which the 
lime^ whether flaked intd water or othqf-* 
tsrife, imbibes a confiderable quantity oif thef 
gas, and is therefore the. leCs apt to^ blifter 
or fweU, after the ftucco is laid on. 

The builders confidering the plaifterers 
inortar or ftucco as a finer and better kind 
of mortar^ think it not amifs to iriiitate theni 
in thole particulars which are not attended 
with any expence, and efpecially in the 
pradice of flaking a great deal of lime at 
once, and of keeping the mortar made fomcf 
time ; • and they do not feem to know, that 
llich meafures prevent the mortar from ever 
acquiring that degree of hardnefs in which 
the perfedtion of naortar truly confifls^ 
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SECTION VIL 

Of the Depravation of Mortar fy the common 
Method of ufing the Water \ and of the life of 
Lime water 4 

FINDING by reafoh and experience, the 
advantage of totally expelling the gas, 
and preventing the return of it to lime or 
even to mortar before it is ufed ; and 
, knowing that common water, which is em^ 
ployed in great quantities, . firft ia flaking 
lime, and then in making mortar, contains 
a great deal of the noxious gas J it occured 
to me that the vulgar procefs of making 
mortar is in this frefli inftance injudicious, as 
it tends to^injure materials othcrwife good. 

They flake lime in fuch a manner that 
almoft the whole of the watef is evaporated, 
and contributes nothing to the mortar, except 
fo far as it depofites its gas in the lime and 
injures it ; and then the flaked dry lime and 
the fand, require more water to make them 

into 



iiito mortar. I have found the quantity of 
water ufed for both thefe purpofes, to be 
twice the weight of the Irme, at the leaft. 

The quantities of acidulous gas known to be 
Contained in the waters commonly ufed in taak- 
ilig tnoftar, muft greatly debafethe lime which 
is thus expofed to double its weight of fuch ' 
water; and upon thefe grounds I was afliired, 
. a priori, that It would be a confiderable im- 
provement in mortar, to ufe no water in it 
except what has been previoufly freed from' 
aciJulous gas; 

This is done in making lime-water ; and 
• the ufe of lime water appeared advantageous 
in another point of view. One feven hun- 
dredth part of lime water being lime, accord- 
ing to the experiments of Mr. Brandt which 
I find to be true; and this lime being in- 
troduced in a ftate of folution which favours? 
the cryftalination of it between the grains of 
land, affifts in cementing them' together by 
the utmoft attradtive forces of its parts, if 
my notions of the polarity of thefe parts 
be true. 
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I MADE divers experiments to try thfe pracr 
tical validity of this reafoning, and found it 
to be true : for on comparing fpecimens of 
mortar made v*^ith my beft lime flaked with 
river water, and fand and water^ and fpread 
pn tiles foaked in water, with other fpeci- 
mens made with the fame proportions of lime 
flaked with lime water and fand and lime 
water, and fpread on tiles previoufly foaked 
in lime water, the latter, at every age of them, 
were fenfibly harder, and they adhered to 
the tiles better than the fprmer. I muft ob- 
ferve however, that fuch diftinftions cannot 
eafily be made, except by thofe who hav^e 
a great deal of experience in thefe trials and 
comparifbns. On repeated examinations of thefe 
and my other fpecimens, I was highly ^n- 
icouraged in my purfuit ; for thofe made with 
lime water were better near the furface*thau 
any I had ever made ; and I had good reafons 
fo be perfuaded that the extraordinary indu- 
ration would proceed in time through the 
l^'hple naafs. 
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SECTION VIII. 

JExperiments made with a View to approximate^ 
the bejl Proportions of Lime Sand g,nd Water ^ 
for Mortar^ 

IN reading over my notes, and examining 
the fpecimens of mortar which I had hi- 
therto made, I perceived that thofe were the 
beft which being made with common frefh 
lime, or with well burned lime, contained the 
leaft of it ; that is one ounce of lime in fix or 
more of fand ; and finding this quantity of lime 
to be much lefs thaii is ufed in the common 
way of making mortar ; and fufpefting that 
as a wall may be the weaker for its containing 
too much mortar, which widens the joints, 
fo mortar may be weakened by the introduce 
tion of more lime than is neceflary to cement 
the grains of fand together ; I thought an-r 
other caufe of the defed of common mortar 
opened to my view ; and that it was advifable 
to determine by experiment, what is the befi: 

propor^ ' 
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proportion of lime to fand, in making mortar 
in which lime water is ufed. 

I MADE five parcelsof mortar with my beft 
ftone lime recently flaked with lime water, 
and with the coarfe Thames fand, m the 
following proportbns by weight, 

I. 
Slaked lime -— -— i 

3and — —-4 

Lime water, q. f. ^ 



Slaked lime — — I 

Sand — — 5 
Lime water, q, f, 

#^ 

Slaked lime — — , i 

Sand — . ^ 6 
Ijimo water, q. C 

Slaked lime — — • r 

gand — . — r. 7 
JLxrae ^rfter, q. C 

5. Slaked 
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Slaked lime .-r^ x — ^ j 

Sand — — 8 

Lime water, cj. H 

This latter fpecimcn^ was not fufBciently 
plaftic for comnaon ufe ; or as the workmen 
exprefs themfelves, it was too fliort. I fur- 
ther obferved that the quantity of water re- 
quired to njajce mortar to the proper temper, 
}S greater as fhe quantity of lime is greater 
relatively to the quantity of fand. 

I SPREAD thefe on tiles in the month of 
June, and expofed them to the air and thq 
ifun, which then was very hot. 

As my former experience taught me to 
cxpe£l that fome of t|iefe, in hafty drying, 
would crack Goniiderably ; and as mortar, in 
building, is i^ot liable to dry fb quickly as 
thefe fpecimens ; in order to render the in- 
ferences from thefe experiments the more 
general, I made five Qther parcels of mortar 
in the fame, manner and expofed them in the 
fame way, in every refpe<9:, except that the 
diredl rays of the fun could not fall pn then^ 

ox 
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or hieat the pavement on whitK they ftood. 
In three days I. found this neceflary^ for thft 
firft of thoi^ ivhich flood exposed to theiun 
cracked confiderably, the fecond cracked 
lefs, the third fhewed three or four vcty 
flender fiflures- vifible only on a very clofe 
infpeftion, the; fourth and fifth fhewed no 
cracks at this time, nor in a month after- 
wards, when the fifTures of the others were 
confiderably enlarged. 

Of the fpecimens kept in the fhade and 
examined on the third day like the former, 
the firfl was cracked in divers parts, the fo- 
cond fhewed two or 'three very flender 
cracks, the refl were not bracked in the 
leafl, and never cracked afterwards, although 
I was forced to remove them to the place 
where the others Aood. 

■ . ) > ' '.. ■ 

Thus it appeared in a very fhort time that 
an excefs of lime difpofes mortar to crack, 
and confequently injures it ; that the highefl 
proportion of lime to fuch fand, which may 
be ufed without incurring this inconvenience, 
depends on the circumflances in which the 
mortar is to be expofed ; that no more th?ui. 

E one 
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one: part of lime to ieven of coarle land 
Migfakt* ta be ufed in mortar which is to dry 
quickly ;. and lefs lime may not be ufed, be- 
baufe it does not render the mafs fufficiently 
plafticifbr building or incruftatidp ; and tha^ 
if i;graatcr pro{)ortioii of lime to fuch fand 
impk-oves the hiort^ar in any refpedl, it is to 
be. ufed only where the mortar cannot dry fo 
quickly, as. it did in the ipecimens expofed to 
the fun. 

- I^T the courfe of nih6 mmiths I clearly per- 
ceived that thofe ipecimens which ftood in 
the (hade fol: ' the firft three days, were 
hai^det; and better in other refpeds, than 
thbfe which were fuddenly expofed to the 
fun, the comparifon being made between the 
fpeclpieni which contained the fame pro-, 
portions of lime, and which cracked the 
leaft, or not at all : and of all the Ipecimens, 
thofe were the heft which contained one 
part 6f lime in feven o^ the land : for thofe 
\it«hi<;Ji ' tontaintd lefs linie, ai^d were too 
lhiM?t whilfV fre(h, were more eafily cut and^ 
broke, and were pervious to water ; and 
thofe which contained more lime, although 
thfey were clofer in the grain, did not harden 

fo 
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they efcffj)e#wfeckirit l^»4y|Hgi^'^ 

♦ -I ftte«s*dfttr concluded, tiiat'iiafty'diy^^^ 
ilijures liidffar^made in 'any ^ropbrtiiiis ' of 
fueh faiid and the beft lirile ; and that the 
beft proportion is one of little in feven ' of 
fand, whether the mortar is to be cj^uickljr 
dried or not* 

I Mtrst obferve howeVer that thefe donclu- 
fions were made rather with a view to my 
future experiments^ in which an approxima- 
tion to the beft proportiotis of Ilrtie and fand 
and this beft treatment df the mortar would 
fave a great deal of trouble, than to any ge- 
neral and invariablfe rule for making mortar. 

1 RESERVEl) it to tfe nientioned in this 
place, that I fet apart four ounces of each of 
the foregoing fpecimens of mortar, and 
fpread theft portions feverally on plates of 
thin vvlhdow glafs, to the thickiiefs Of a 
cjuarter of ah inch br thereabouts i atid I 
noted the weight of each plate with its fpe- 
cimen of mortar recently made* 

E 2 These 
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These Beiog equally expdied to the fun ' 
and weigheci ^r ili^reiit perlodir were found 
to loie weight in equal times nearly in th^ 
proportion of the quantity of lime or of wa- 
ter ufed in making them ; and the ^alleft 
lofs of weight when the Specimens were per- 
feftly dry and confiderably hardened, was 
one-tenth of the weight of the fame fpeci- 
mens recently made* 

In many former experinients I had ob- 
ferved, but referved it to be mentioned in 
this place, that mortar which fets without 
cracking, whether this be owing to the due 
' proportion of fand, or to the flow exhalation 
of the water from itiortar confining leis 
fand ; nevpr cracks afterwards, whatever 
other faults it may have: the Specimens men- 
tioned in this feftion, after a trial of eighteen 
months afforded the fanie obfervation. 

By the fetting of mortar, 1 underftand that 
fblidity which it acquires by mere drying, 
and which difiers wi<ifely from the induration 
that takes place in time by other means 
which we ihali prcfcntly confider. 

Seeing 
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Seeing then that the quantity of water in 
mortar is as the quantity of lime^ that th« 
fiffures happen only in the drying or fetting, 
that the danger of cracking is greater, not 
merely as the quantity of water is greater 
relatively to the fand, nor merely as the wa- 
ter is more expeditloufly exhaled, but , ki a 
rate compounded of theie ; I inferred that 
mortar which is to be ufed where it muft 
4ry quickly, ought to be paadc as.ftifF,as the 
jurpofe will admit, that is, with the fpaalleft 
pradicable quantity of water j and t^at mpr^ 
tar will not crack, a^hough the lime be 
pfed in exceffive quantity, provided .it Ije 
made ftifFer or to a thicker Qonfiftence than 
mortar ijrfuaUy is, 

X»is inference was afterwards found to be 
true : fqr fpecimens made thus with pne part 
of lime and only fix of the fand, and others 
made with greater proportions of lime, but 
as ftifFas they opuld be ufed, did not crack, 
m ^ny expofure : but they had faults which 
will be hereafter noticed. 
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;>ill 1^.1; .):ik1 1'^ 'Z^, .; Oil* ;.s i-i :•;. \.^ 

'''ygftibns^oj'thm uM 'Sand Wl^oHar'^'iini 
'^Proportions dfthe^r' --- ; i^^^'" -' 

IT -is* llifficitntly inown that tRe ' iaggf ev 
gstibn tff tkffeaMous bodi6$, '^hich- bum' 
tb lithe, or are phiefljr cbiii'|)bfedibf tke mat-s 
tdr of lime, is'- intith weakefp tMh that "dfl 
the^uartofe; infotoiich that * the ffee! which 
eafilj^ ciits all c'alfcareoiis ftohesqr fpirs, \^ 
as eafily cut by the filiceousr and "all ftoiies,- 
or pQ^yders which are chpfen for cutting or 
grindliig fteef, '^re found to hard this eifeft 
by iedfon of thdii: filicebus dr^qnartofe par-- 



: ' ::*i 



'This being cohiidered together with divert 
obfervations heretofore relatefd, J tt^hrxt^ in 
the fubfequent naanner. - • i--*"*-^'^- 

As ftones are cemented together in walls,^ 
hy the mediation of naortar, fo the grains of 

• •••■' : fand 
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l}|F)d or gravel are made, to aqjificrt &nd .f^Clft 
a;folid-^ftgfs of mortaF^r hy. ^ tafefij^ic^Qf^ 
of lime, ^ • ;. ^ [.,, .^ 






.. By the bare infpe£lipri^ ^s well ^^s-by: {J^g^^x- 
perienced induration, ov^ p^rt o,f Urn? pa^^;^p.^, 
pears fufficient to intercede thegrainsof feven of 
faud without interruption af cpntiiiui|yyaudin 
dryiiig to fill the fpaces beftween thpm, pr tq;ftt^ 
trad mattcjrenpugb for thL&purpofqfroigt^hi^ai jr» 

In thi§ cafe the grains pahere at tl^e, l^fta^- 
eft diftaiiCGs. of them, a^d by n^e^ijs ftf .t^he 
thinnfiSft laflainae^of calc^reoys ^^ttpr^ -> and. 
'fu€h mortar is the ftroqger as it con(ii^srof the 
greater quaatity of hard quartofe bodia?, co- 
hering by means of tl*e; iiriallefi' pwcticable 
quantity of foftec and brittUcalcacequs. ftrata \ 
juft in th^ fame manner as a wall, built \vitli 
porphyry and bad mortar^ is, -^ost^ri^ .paribHS,,,^ 
the iironger as the jointj^ am n^d^ thinijef . : 
for all maifes of fuch .ftrufture a$ mqrtar^ oi*. 
cementious walls, refift fradture .^^i4>A*^^t 
with powers of aggregation^ whicli are^.i^ipt 
merely as the aggregation of the ftoi^esf.or 
bricl^s, nor barely as th^ aggregation -of the 
fbfter cement, but in a r^tio compopi^de^ oS 

E 4 thefe. 
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thef^, and varying xvhh circumftances which 
wettfeed not attend to at prefpnt; and thofe 
mafles therefore will refift the moft, in which 
the Wronger aggregates bear the greateft pro* 
portibri to the weaker,' fd far aa it is cbnfiftent 
With the continuity' of them. 

^icONDLY, The fmall flones which com-* 
pofe'a heap of fand do not imbibe water: 
their volume is not cncreafed by Wetting 
them nor leffened in drying ; neither does s 
meafure of wet fand contraft fenfibly in dry^ 
ing: this laft I have repeatedly experienced. 
But fmall bits of lime are confiderably in- 
creafed In bulk by wetting them ; and as the 
foft pafte of lime contrads greatly in dry^ 
ing, it muft crack in every part where the 
drying pafte is prevented, by its adhefion tq 
bodies^ or by other caufes, from contra6:ing 
uniformly and concentrically. As the con-^ 
traftion of mortar in drying, and its confe- 
quent cracking, depend on the lime pafte, 
and not on the fand, they muft take place 
jn the greater degree, as the quantity of lime 
and water is greater, and they muft be lef* 
fened or prevented by a due proportion of 
fand ; which proportion experience ftiews to 

b^ 
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be feven parts of fand to one of lime. Thus 
we underftand the caufes of cracking, and 
how It happens that this defeft is prevented 
by ufing lefs than the cuftomaiy quantity of 
lime ; and, although the lime fhould be yxCe^ 
in excefs, by ufing led than the yfbal <^\im^ 
thy of water. 

Thirdly, The more perfcft and expedU 

tious fetting and induration of mortar cott:» 

taining only one part of lime in fevcn of 

fand, than of mortar made with greater pro* 

portions of lime, may be deduced from fevc- 

ral concurrent caufes* Having lefs water 

in its compolition, it dries fooner, and the 

calcarious matter cryftalizing more quickly 

in it, gives it fooner that (blidity which we 

cxprefs by the word fetting. Having 

lefs lime in its compofition, it is fooner 

faturated with the matter which the air 

prefents, and which feems neceflary to 

the induration of mortar; and in this iatu- 

ration, the fwelling of the lime is not fo 

great as to pufh forth and derange the 

grains of fand after they have once jbeen 

placed and infome degree cemented togethei^. 

This 



[ -58 .] 
Tflis latter incoiivenkftQ^ ariiing froffi, the 
exce^ of Jijaw, eanoot eafily happen ix> mor- 
tar comprefi'ed on all {ides in maffiye b\j)|d* 
ings; but it.i»anifeftly occurs in the exteriof 
parts of. the jpints in lyallsj . wh^re the mpr- 
t9x vifibly fwelJs and aft^^j: fweUiijg cramb^es : 
it is likewife vifible in the upper part of walls 
of modern conftru<9:ion, wh*re the fwelHng 
is not prfeyiented.by a fuperineiimbent weight. 
In thefe cafes the joints become hollow i 
houles lately bviilt lopk old or ruinous; and 
the bricks tixemfelyes, being bibulous, jn fuch 
expofure foft^n and moulder, in confequence 
of the alternate Wiptting drying freezing and 
thawing; thple being effedlual agents in the 
diflblutioh of alj bodies wliich freely irnbib^ 
moifturct 

Without awaiting the event of thofe ex^ 
periments which 1 have lately made, on thQ 
great fcale, ^nd ihall point out before I con-^ 
elude this effay, we nray on thefe .grounds 
alone affure ourfelves that the -/Irength 
and duration of the calcareous incruftatlons 
compofed of lime and fand, will be greater, 
as we depart further from the propcrtions of 
Jime and fand comivonly ufed^ approaching 

to 
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to that of one part of lime to feven of fand j 
becaufe the ftucco which hardens the fooneft 
muft be the leaft' injured, whrlftit is new, 
by the beating rains, and various accidental 
bapreflTijOps ^' bpqaji^fethat which s4beres.aioft 
firmly ^o the o^her \ paaterials. of .jbiuijdiags, 
pnd Tvhich acquires the greateft degree of 
iaduratipn, , miift.:;fiaptribptf. ;jicwft ta tfm 
ftreugti^ of the. wall^, zr^ heft iwi?hft*nd %he 
flrocksv/attritiQOy.^DiiivOlther: trials ;to whicli 
iftie .ftuc w . is ^expoftd ; bp«q{e . f h|it t^hi^H 
corif^ns the gre^ft prQppr|ip^;:of iabi>d, i? 
lflfriihJ)lfi to- be ii5tjui?ed by ^t))f> iKlkie ^ttc* 
wiuhiwlkioh tbe^rjis {Qfmt'ittkm^ iai(>.regiiatf,4i^ 
as'jtsicalcai^dus jjaaitert^ t^^ia$^r,4eifei^fi^ 
by the fand : bvi*'afeoyfeiaU,bd^uf8fth€ ftu^^wi 
made with one; f)aS:t t)f linae atidr^ qbout /e*fei| 
of fand, is not '^ifpoled to cmeki for ijticf u^^: 
ftations in this dimiteperifli'^douer by V-a^^ 
fon of. the fiflujrds. than of any oth^r defeft i 
becaufe the water imbibed ioto^the flend^rell 
of them, as well as into thofe which appear 
on a curfory yiew,: fwells in-the cOngelatioPt 
and dilates them ; and frequent alternations pf 
wetting and freezings .gradually widen them, 
pntil the ftucco is tmlged and lorn froni the 
fealls. . . .' 

SECTION 
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SECTION X. 

Experiments bn old Cements ^ authorkhig ihePra** 
portion lately recommended oj^hime and Saniy 

T) difcover the quantity of lime and 
fand origin ally yfed in any hard aijd old 
cepient which I find by a previous attalyfis;' to 
confift of lime and fand or^ clean gravel, I 
hreak a poui^d of it into fniall fragments, l)ut 
not ipto powdery ?nd with diluted ni^rinft 
acid I diflolve and wa<h away the calcareous 
fuurt from the gravel or farid. I meafbre the 
|l<:i4ulous gas obtaiAabl^ during- the fblution, 
tod knowing the weight of ^tny quantity of 
it in any temperature or weight of the aeria) 
atmofphere, I fubtra<3: this Weight of acidu^^ 
lous gas and that of the fand or gravel, from 
the whole weight of the mortar, and ftate the 
refiduary weight as that of the lime origi" 
Bally employed ; knowing that it could not 
have made fo hard a cement, if it had not 
been {o far burned as to retain very little aci- 
dulous gas. I did not^ adopt this method of 
examination before I had found it to exhibit 

tile 



the lime and fand of my oldeft and hardeft 
cements in the fame proportions in which I 
had mixed them. 

By this kind of analyfis, and by othei- 
trials, I found that the quantity of linus in 
old cements made with clean fharp fand^ and 
noted for their hardnefs, was much Icfs thaa 
is now commonly ufed in mortar ; and that 
in the hardeft, it' was very near to that which 
my experiments indicate to be t|ie beft. 

By fharp fand I mean that whofe grains 
are bounded by flat furfeces. 

Thus I found the inferences made from my 
compofitions to be authenticated by long ex- 
perience, {q far as they relate to the propor- 
tions of lime and fuch {and. 
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SECTION j^l: 

'Mxprtmnh and Obfervationsjhewmg the Agene;^ 
^ (f^dtlMcm &as in tfi hJtiration of Mbtiar^ 
^' mafCii'tun^ances'nxAic^ orpfofnoii //. 

Tradllcal Infer ences4 

T&]^ * Obfef vatidnS liwTde on divfef^ iJ)fefcL- 
mens of mortar, at different periods,'kd 
irie early into the opinion that the fetting of 
mortar depends chiefly ott'the exfic^abbn of it, 
but that the induration i^ principally owing to 
the acceffion of acidulous gas in certain circum- 
ftances, and not to tiie 'drying, ds- the work-- 
iheh generally imagine. In order to place 
this opinion beyond a dbubt; and to difce^er 
the circumftances which favour or impede 
this induration^ I made the fubfequent in- 
quiries. 

ExPERtMfiNt t. , 

I MADE mortar with feven parts of the 
Thames fand, one of the beft flaked chalk 
lime and the neceflary quantity of lime wa- 
ter, and forming a part of it into oval pieces, 

I 
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I put thefe info a gallon bottle^ which I 
^pped clofely'with a ground glafs ftopplfe 
waxed ; and I noted the grofs weight of the 
bottle and mortar, and placed it expofed to 
the fun. Having examined it frequently 
during the firft month, I could perceive no 
alteration in the weight, nor any thing 
worth notice, except that forrte water ex^ 
haled out of the mortar, and condenfed in 
bright drops on the fides and upper parts of 
the bottle. At divers tinies during fix 
months afterwards I (hook and weighed the 
bottle, and found the mortar quite foft and 
the weight of the whole unaltered. 

Experiment 2. 
Another portion of the fame mortar was 
Ipread brilkly, as icon as it was made, on 
oblong pieces of dry and warm tile, anc^^ 
thefe were immediately placed over a fand 
bath, where they were gradually heated to 
about an hundred of Farenheit for fix hours, 
and then to an hundred and fifty for twa 
hours more, when ^he mortar was dried tho- 
roughly. I took particular notice of the fo- 
lidity which it acquired in this hafty drying, 
and then put the pieces of tile with rhe ad- 
hering 
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liering mortar into a bottle clofely ftoppc^>itt 
the manner already defcribed^ marking tfai^ 
grofs weight. 

At the expiration of feven mohths, I found 
the whole unaltered in .weight, and the mor- 
tar as eafily cut or broken as it was when I . 
put it into the bottle. 

EXFEKIMENT 3. 

Another part of the fame mortar was 
Ipread whilft frefli on a large tile, to the 
thicknefs of half an inch, and the tile was 
immediately placed in a tub, in which I put 
water to the depth of three inches over the 
mortar, and which I placed in the open air to 
receive the rain. At different times I broke 
the calcareous pellicle which formed on the 
water and defended it from the air, during 
the firft fortnight : afterwards the wind and 
rain rendered this precaution unneceflary. 
In the courfe of fix months, the mortar, iri- 
ftead of acquiring any fblldity, was deprived 
of the greater part of its lime ; and what re- 
mained on the tile, was not much difFercni 
from a layer of wet fand. 

Ex PER I* 
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Experiment 4* 
Another portion of the fame frefh mor- 
tar was Ipread oii a boar(i ft revved with flaked 
linjie to prevent adhefion, and placed in the 
open air, but ilielter^d from the fun. . When 
this mortar became fuffiqiently iolid, which 
was on the lecond day, 1 raifed the pieces, 
which were about a quarter of an inch'thick^J 
from the board, and fet them Upright, fully 
. expofed to the weather, which was about 
this time dry and. warm. In feveil weeks 
after this expofure they were indurated to a 
confiderable. degree. They redfted a cutting 
inftrument nearly as much as Portland ftoae 
does, but not fo well any force tending to 
break them acrofs at once., I then placed 
themuridef water as 1 had done by the for- 
mer portion of this mortar* 

After they had lain In the water four 
months I examined theni attentively and. 
found them, if at all altered, to be rather 
foftened than indurated further* 1 replaced 
them in the water, tq be better fatisfied about 
them ; but by miftake, they were removed 
in my abfence, and loft. ^ ^ 

F &XPE- 
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JS X P E R I M E N T 5. 

. Soon after the foregoing parcel of mortar 
was made, I prepared another iil the fame 
manner, and fpread a part of it on a tile 
Ibaked in lime water, and placed the tile in 
the open air flieltered from the fun and tain.' 
After jt had flood a month* in this fitUation, 
r placed It wliere it was fheltered only from 
the rain* ' 

E X P E R I M E NT 6. " ' - 

Another portion of the fame mortar was 
fpread fxefh on a warm dry tile, 'which I 
placed over a faiid bath, where the mortar 
was heated to about an hundred of Farenheit 
for fix hours and then to an hundred and fif- 
ty for four hours more, at the expiration of 
which it was folid and perfectly dry. 
The next day I placed it in the open air, 
expofed to the fun, and the weather, which 
was dry and warm for a confiderable time 
afterwards. 

On comparing thefe two laft at the expi- 
ration of feven mondis, and again al^er fix 
months more, I could eafily perceive that 

the 
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the latter was inferior to the former; ^r jt 
was much more eafily cut and fcaled frorp 
the tile and brokem 

E X PJE it't M E N t 7* 
WjTH mortar made, the day after Iliad 
made the former, of the fame materials aud 
in the fam^j manner; and with new bricks, 
which I bad heated- alnioft to recjnefs ,and 
fuiFered )to cool to^the temperature, of my 
hands; I brilkly ereded a' little^ wall b^lf a 
brick thick, on a ftone bench r^ifed for the 
purpofe and fully expofed to the weather. 

E X P RR I M £ N T ,8. 

On the fame day aud with. ^heJike. mortar^ 
and with cp|d new bricks pr^eylouny fo^kecT 
in lime water, 1 ere£bed another .wall, equal 
to the former i^ci dimcnfioas, and placed . in 
the iame manner on ra ,^one bench. i;i the 
open air. ^., . ".. 
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WaJ^ls rfo piece^^ .apd jn diyer$ cpmparilons .6f 

^,gefla.etit of theni^ I found thaV the latt 

£ejmg»t,atdhe.rM^i?ett?^ ^P th^ bxicks and was 
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harder than the formex, iafomuph, that I 
'had nora'^o'uBt about it, .:..,. 

E X P E R I I^ E N T p. 

. In a ftW days after I had made the expe- 
,riment with the warm hricks, I confidered 
*t:he walls erected in variable weather, and 
the fence' walls whiqh are wetted frequently 
and -deeply whilft new, .By rain, or by qioifture 
from the grqund, .and as often dried quickly; 
and I was defirous to learii the eSh^ of fuch 
alterations of wetting and ^drying* 

I THEREFORE fpread mortar,, made like 
thofe parcels lat;ely mentioned, on a large 
tile fbaked in li'me water, and as often as it 
,had dried, iri fair w:eather, jand generally at 
the interval of three days,' I. wetted it^ tvith 
rainwater. In the courfe of nine jnontfis I 
found it was much lefs indurated than the 
Ipecimen made in the fame manner,' and de- 
fended from the rain : it inoreover grew 
.green by 'means of a vegetation whiih took 
place oh the furface of it, and which thrived ^ 
the more as the mortar was frgqtrently 
wetted, or the tile longer fufFered to lie flat 
on the ftone bench already mentioned. 

I 
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I HAD often obferved fuch a vegetatioB oix 
mortar whifh I had made a few months be- 
fore, efpecially when, in the lummer.feafon, 
I laid the tiles flat on the wooden border of a 

i . . ... 

duft-hole, or when, for want of room to 
preferve th^ fpecimens ip, Ipiledjnany of 
them together in a damp corner on the pave- 
ment : I likewife faw that where the vege- 
tation took place, the induration -did not pro- 
ceed as it does elfewhere : on the contrary, 
femii-indurated mortar Ipftened there. 

All thefe being conlidered, I was fatisfied 
that frequent wetting or conftant moifture, 
together with expofure to air, injure mortar 
in a great degree, if it be not perfectly indu- 
rated by gre^t age before it is expofed* to fuch 
trials ; and that the vegetation depends chiefly 
on moifture* 

Experiment jo. . 
By the kind of analyfis mentioned in the 
tenth fedion, I repeatedly examined the 
proportion of acidulous gas to the lime, in 
the hardeft of the old cements which I had 
coUefted ; and finding it in the beft of them 
tp be, at the loweft, in the proportion of three 

. F3 . to 
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to five, I rateihe quantity of acidulous gas im- 
bibed by good mortar, during the induration 
of it, at fixty pounds at leaft, for every hun- 
dred pounds of lime. 

ExPfiRIMENT II. 

Such mortar as that of the firft experiment 
of this fedion was formed into flender pieces, 
each an inch broad, a quarter of an inch 
thick, and three inches in length. Thefe 
were placed in an airy paffage, (heltered from 
the fun and rain, and were turned as foon as 
they could bear it without danger of cracking : 
they were then fet upright and fully expofed 
on all fides to the air. 

On th*e fourth day I Aid four of the pieces 
entire into a fmall wide-necked glafs retort, 
which I fet deep in a fand bath, with its 
nozzle immerfed in quickfilver, which flood 
cool whilft the charge was gradually heated, 
in the courfe of forty-eight hours, to about 
leventy-five ofFarenheit, which is under the 
temperature ot incruftations of this kind ex- 
pofed to the fun in fummer; and in the 
courfe of forty eight-hours more was flowly 
heated to about an hundred of Farenheit^ to 

which 
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which degree incruftatioiis are frequently 
heated by the fun in fumnaer. As the retort 
cooled I admitted the neceflary quantity of 
air, and then left it, • with the nozzle im- 
merfed deeply in the mercury, during three 
month s^ I then (lid the pieces gently out of 
the retort, after having wiped away a few 
drops of water which adhered to the veffel in 
their way ; and immediately made the com* 
parilbn which I (hall prefently mention. 

Close to the retort, and in a fituation 
where the heat was equal to that defcribed, 
or nearly fo, I placed four other uf the pieces 
above defcribed, on the fourth day after they 
were made : I encompafled them with the 
fand, but fecured a free acccfs and even a cir- 
culation of air to them. When the fand 
bath was cooled, I pi^t thefe pieces, which 
were thus perfectly dried, into a bottle which 
I flopped clofely in the manner, heretofore 
defcdbed. 

On the feventh day after the pieces w^ere 

ma4e, on the twenty-firft, and at the expi- 

r§itiori of three jqionths, I ex^min^^ four 

pieces taken from different , quarters pf jtl)^^ 

J F 4 remaining 
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remaining parcel, and found the quantity of 
acidulous gas which they yielded, to corre^ 
fpond with the degree of induration and the 
depth to which it had advanced in them re- 
ipeftively. 

On comparing and examining the pieces 
dried in the retort and kept three months 
in it ; the pieces dried in the fame heat and 
freely, cxpofed to air during four days, but 
afterwards kept in a clofe veffel; and, the 
pieces which dried and hardened in the free 
air, without being heated ; I found that the 
firft were friable in comparifon with* the 
fecond, and the laft were by much the 
hardeft and beft, 

As the fecond tenth and eleventh experi- 
ments, together with obfervations formerly 
made, fhew that the induration peculiar to 
mortar, is not caufed by exficcation ; that it 
is greater, as the calcareous matter of cements 
approaches nearer to be fa tu rated with acidu- 
lous gas ; that it is retarded or prevented, as 
the acceffion of acidulous gas is interrupted 
or obviated ; we may conclude that this mat- 
ter is a principal agent in the induration of 

calc^t 
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calcareous cements and indifpenfibly neceC- 
fary to it. 

By obfervations formedy made, but cipe- 
cially by thp comparifon of the fifth and 
eight experiments 'of this feftion with the 
fixth and feventh, I learned that hafty dry- 
ing prevents good mortar from ever ac- 
quiring the hardnefs which it otherwife 
would have ; and that the more flowly the 
propel^ water of the mortar is exhaled or 
abforbed from it, in incruftations or brick- 
work, the more perfect will be the indura- 
tion of it. 

By the firft third and nir.th experiments o( 
fhis fe£lipn compared with the fourth, fifth 
and others, and by obfervations which led 
pje to piake thefe experiments ; I difcovered 
that morfar which is not fuffered to dry, 
or which is fupplied with moifture as faft 
^s its proper water exhales, does not hardert, 
pr hardens only to a fmall degree by any 
acceffion of apidulous gas^ 

The fourth experiment indicates that mor- 

Jar,\yhi>(e:llme hgis not yet imt)ibe4 its com- 

T« plement 
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pleipcnt of acidulous gas, although the mafs 
be confiderably hardened, is liable to be in- 
jured by foaking in water, if it be . pervious 
to water fo freely as thefe thin pieces were. 

All thefe experiments and obferyations 
confpire to point out the circumftances in 
which mortar becomes indurated the fooneft 
and in the higheft degree, and operates molT: 
efFeftually as a cement. To this end it muft 
be fuffered to dry gently and. fet; ^le ex- 
ficcation muft be effefted by temperate air 
and not accelerated by the heat of the fun 
or fire : It muft not be wetted loon after it 
fets ; and afterwards it ought to be prote6led 
^rom wet as much as poflible, until it is 
compleatly indurated: the entry of acidulous 
gas muft be prevented as much as ppffible, un- 
til the mortar is finally placed and quiefcent : 
and then it muft be as freely expofed to the 
open air as the work will admit, in order to 
fupply acidulous gas, and enable it fooner to 
fuftain the trials to which mortar is expofed 
in cementious buildings and incruftations. 

From thefe confiderations we learn other 
caufes, befides thofe already mentioned, of 
the fpecdy ruin of our niodern buildings. * 

The 
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The mortar made with bad lime arn! a 
greaf excefs of it, and debaied in watering 
and long expofure, is ufed with drj bricks 
and not unfreqirently with warm ones. Thefe 
immediately imbibe or diffipate the water 
and not only induce the defeft above no- 
ticed, but, as the cenient approaches nearer 
to be dry, whilft it is ftill liable to be dit 
turbed by the pefcuflions of the workmen, 
fender it naore nearly equivalent to a mix- 
ture of fand and powdered chalk. 

But to make ftrong work, the bricks 
ought to be foaked in lime water, and freed 
^ from the duft^ which *iii common bricklay-^ 
ing, intercedes the brick and mortar iii 
many parts. By this mCTtiod the bricks 
would be rendered clofer and harder ; the ce- 
ment, by fitting ftowly, would admit the 
motion which the bricks receive when the 
workmui drefles them, without being imr* 
paired; and it would adhere and indurato 
more. perfe<3:ly : the fame advantages would 
art tend the foakiag of bibulous ftones in liroe 
water^ and tl^e ufe of grout; provided tliis 
\yere made with good linje fand and lime 
water, . -. .\ 

In 
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In plaiftering, the workmen always bruih 
away the duft and wet the wall on whicl) 
they are to lay the cement, becaufe it 
will not otherwife adhere. From what has 
been already faid it is manifeft that this 
ought to be done with lime water, and re-? 
peated as long as. the wall is thirfty. 

To perceive more clearly how much our 
flight buildings are weakened by the agita-» 
tions and percuffions to which they are ex- 
pofed, firft in creeling the walls and 
fettling the timbers, and then in driv- 
ing thofe wedges to which they faften 
the wainfcots corniflies and other ornaments, 
we muft obferv^that the acceffion of acidu-. 
lous gas to mortar, was found to contribute 
nothing to the ftrength of it, when it entered 
the compofition before it was finally fixed 
in a quiefcent ftate : and a little experience 
is fufficient to teach us, that the fame mat- 
ter which aflifts in the induration of mortar, 
never ferves to repair the fiflures, or fo- 
lution of continuity between the bricks 
and cement, which happen after it is fet. 
When mortar is fet, and before it is in- 
durated, it may eafily be fcrved from the 

bricks 
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bricks and crumbled; and for wantof foft- 
nefs it cannot bend into the fiflures^ or re- 
fume its former cofadition in any time. 
Therefore by heavy blows,, and in wedging, 
our walls muft be greatly weakened ; and the 
more, a3 the houfes are flight, quickly huilt, 
and haftily finifhed. 



SECTION 



tiined twelve of theie jne^fores, I found by 
repeated trials, that, the Ijrgeveflel^ charged 
to the brim with my rubble^ might be made 
to hold fomewhat more than one additional 
meafure of it, when the rubble was well 
packed, by ftriking the bottom pf the veflel 
frequently againft the. table perpendicularly. 
Charging the famevvoiTel withcoarfe fand, I 
could by the fanie treatment make it hold 
two thirds of the , thirteenth nleafure: and 
twelve ineafures of fine fand were^fo far 
contrafted in this motion of the veflel, that 
it could hold one meafure and one fourth 
more, or thirteen and one fourth in alL 

After noting how far the iiaterfticial 
fpaces in each fized fand can be leffened by 
packing, I ufed water to fhevv what propor- 
tion thefe bear to the folids, in thefe diffe- 
rent fands. I found that the thirteen mea- 
fures of rubble which I ftowed^ into the 
glafs cylhider, could take in five meafures 
of water, without any increafe of bulk ; or 
rather with a ftriking decreafe of bulk : the 
twelve meafures and two thirds of flowed 
coarfe fand, imbibed four'and one half of water^ 
and yet decreafed fenfiblyin bulk : the thirteen 

meafures 



Ittpafijrcj^ anjl oo€i fourth of fine fan4 pickecJ^ 
couldVannk in only, four meafures df^Water j " 
but the dimiriutlbn of hulk Was rti6re confider- * 
at^e tharj in either of the former ; fpr the fand 
and water together rneafiired lefs by One fe- 
ventieth than the patk'ed fand alone. 

When* land was poured into the gkft ^ 
cylindpr until it was filled, atid water wag ' 
added beifprethe faild was packed, By a flight . 
agitation of the Veffel the farid cbntrafted In • 
a niuch greater degree thari is above fexprefled. ' 
Upon "the 'whole it feemed thit 'water, by 
pdifirig the grains, faCiHtates their Aiding on ' 
c^ch Other to fit well aild fill the fpaceS. 

tTi^iPiL 1 had ffiide^ tliefei experiftients I 
did hot Well underjftand, hOw'the beating of 
new liioYtaf makes It nitldi Wetter, Jtnd hiorc 
plaftlc Withal, thail'itcah be mSde With the 
faftie proportions of water and folids, by 
mere mi^Ttufe. I now perceive that' beating ' 
produces jthis effedi by clofing the interftices 
o^ the dand, and rendeifing a fhiall Quantity of ' 
lime pafte as effectual fowai*ds filliiig^ them ' 
arid holdiiig' the grains together "to iFarni a • 

G •. ' ^'^ 'plaftic 
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plaftic mafs, as a greater quantity is, m find 
wbofe grains cannot fit each other Co well. 

Seeing that the interflicial {paces in fand 
are fo greatly leffened by wetting it, 1 judged 
it expedient, for this reafbn alone, to expend 
all the water I fliould henceforward ufe in 
making mortar, in wetting the fand com- 
pleatly* I afterwards obferved other advan- 
tages arifing from this; practice: for in filling 
the fpaces with the fluids the air is eafily ex- 
pelled, and the lin^ equably diffuied in thenx. 
by a little beating :, but. when the water h 
added to a mixture of lime powder and fand, 
the air is eiitangled in the lime pafte, and 
cannot^ without a great deal of beating, be 
totally prefl'ed out of the plaftic mafs : I 
likewife found, that as an excefs of water is 
injurious in tnortar, this is an. excellent me-^ 
thod of regulating the quantity of water ; for 
the portion of lime water which fills the 
fpaces in fand, and can be held by capillary 
attradlion in a flat heap of it, is precifely th© 
quantity which makes well tempered mortar 
with, oiie ^rt of the beft (Idked ]iwfi »nd 
feven of the beft fand, - 
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-As 1 found fome difficulty in expelUiig thd • 
air bubbles out of the fand wetted in my deep 
cylindrical meafure, even when I ftirred up 
the mafs with a flender inftrument, I con- 
cluded that* the /{paces in fand are rather in a 
higher proportion to the folid fubftance of 
it j - th^ji. they appeared in thefe trials : fo that 
we may fay t^hey are at leaft one third and. 
VOfft^e pf any mbafure of the fine, fand, greater 
in coarfe fand, and greateft in the rubble, 3nf-. 
pefting on another ground that thefe experi- 
mehts.did uotrlhew the whole of the fpaces 
HI fand, becaufe water tends to irtfmuate itfel£ 
between the contiguous faces of the grains^ 
:ji>4 confequently to remove them afund^fy 
even whilft it arr?inges them ; I attpmpted to 
ifcertain the proportion 6f thefe'. fp&ces da 
the folids, by another method founded 
on this fuppofition, that the meafured 
portion of fand which weighs the moft,' has 
th^i imalleft quantity of interfticial (pace. 

By the experin^nt, I found that a WeU 
j^kfd meafure of the rubble weighed twenfi 
ty owiCes three pennyweights : . th« like 
tneafuj^e of the coarfe fand packed^ weigbisd 
twenty one ounces eighteen pennyweights: 

< O 2 and 
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aftd the fame quantity, by meafure, of tlie 
fine fand, weighed twenty three ounces two 
pennyweights and twelve grains. 

This trial correfponds fufEciently with the 
former in (hewing, that the fum of the 
ipacesin the rubble,is much greater than that 
of the coai:fe fand, and that the fpaces in this • 
are largfer in the fum, than thofe of finp 
land. 

In order to learn whether this proportion 
is maintained in ail kinds of fand, I tried by 
water and by weight in the foregoing man- 
uer, a great number of fands ufed in London ; 
fuch as the coarfeft glafs-grinder*s fand, 
Rampftead- fand, Lynn- fand, fine houfe-ftnd 

^ The refult of thefe experiments taught 
me that the fpaces are abvays fmaller as th* 
fand is finer, provided the comparifon be 
ihade between- the Yorted fine part and the 
-coar lift part '^o£ any kind of fand : but thi& 
'does not hold true in the Icdmparilbn of fine 
Jfeiid * and .fcdai^f^: land of different diftrifts; '^ 

l.Tfi i. U On 
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^ On exammlng the feveral fpecimens of 
land with a lens, I perceived that, in fome, 
the grains, however different in figure, were 

. bounded by flat faces meeting each other in 
angles ; whilft in others, the faces were ge- . 

^ nefally rounded, and the figure fuch as the 

, foregoing grains would be reduced to by 
grinding off" their angles. The firft kind I 
call fharp fand, the other round fand. ' Then* 
taking into confideration the meafurement • 
already defcribed, together with the fharpnefs 
or roundncfs of the fand, I found that the 
Ipaces are, in different kinds of fand, as the 

. fize and roundnefs of them compounded ; but 

. they do not appear to be fmaller in any kind of 
fand that I have feen, than in our fine parcel of 

. Thames fand ; which I think js owing to its 
being Iharper than any of the finer fands which 
I had compared it with. The ineafure which 
contained twenty-three ounces two penny- 
weights twelve grains of the fiiie Thames 

. fand, contained only twenty-two,.etnrces ten 
pennyweights of the Lynn fandj which is a 
gfeat de&l finei> but rouiidert . . 

Having thus found the kia4 of (knd 
V^hich, by xeafoB of the fize and figure of the 

C ^ grains 
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* grains, haa the fmalleft iixterfticial fpace ; I 
next endeavoured to afcertain the mixture of 
coarfe and fine fand, which leflens this fpace 

• in the greateft degree, which therefore re^ 
quires the lefs lime to cement the grains to^ 
gether, and for the reafong already mentioned, 
promifes to make the hardeft and moft dur* 
able cement* 

I FOUND that nine meafures of the fhingic, 
and nine meafures of the fine fand, both well 
packed, meafured when mixed and flowed 
clofely fixteen meafures and one-eighth : that 
eighteen meafures of the (hingle and nine 
of the fine fand tried in the fame way, mea- 
fured twenty^'four ; and that on mixing 
the (hingle an^ fine fand in various propor- 
tions, nine meafures of ihingle took, into its 
interftices, one meafure and one half of the 
fine f?^nd, withoyt any inpreafe of bulk, 

I NEXT learned that nine meaiures of the 
coarfe fand and hine of the fine, meafured -in 
the like manner feventeen and a half: that 
eighteen fuch meafures of coarfe fand well 
jnixed with nine of the fine tand, meafured 
twenty-fix : and' that dn mixing -thefe fands 

in 



i .87 1 

in various proportions, eighteen meafurcs 
of Ac coarfe (and took into its interflaces 
one meafure of the fine fand, without an^ 
tncrcafe of bulk. 

Lastly I found that eighteen fuch mea- 

fures of the coarfe fand and nine of Lynn 

' land, which is much finer grained than the 

foregoing, meafured twenty-four when wc^U 

mixed and flowed : and that on mixing them 

' in various other proportions, nine meafures 

' of the coarfe fand took into its interftices one 

and a half of the Lynn fand. 

By thefe and a variety of fimilar experi- 
ments made on different fands, I found tbat 
the quantity of fine fand taken into the inter- 
ilices of a coarfe fand, was the greater with- 
out increafe of bulk, as the griains of the 
coarfe differed more from thofe of the fine in 
bulk, provided the diameters of the grains 
of coarfe fand did not in general exceed thdfe 
of the fine, in a proportion greater than five 
to one; that the greateft quantity of fine 
fand, which could be taken into the inter- 
ilicesof coarfe fand, was one-fixth of the 
bulk of the coarfe fand ; and that iii g^ineral the 
G4 -'-^ -miaiturc 



mixture of ;fix meafures.of coarfc fand with 
one. pf Jh? fineil^fcji^^ reduced the fum of 
the interfticial fpaces to nearly oqejialf pf 
the quantity of them in coarfe only, or in 
fine Thsrnjes fand pr ruj^blc only, . - 

Ins^tructed by thefe obfervatiqus I pro^ 
cepded to the following experiments, in order 
to Jearn the advantages or defedls attending 
eaqh kind of fand, and how far my expedi- 
tions from the art of Jeijening the fpace?, 
were well founded, 

J MAbfi feverql parcels of mortar with my 
chalk liqiQ lime water and rubble in different 
proportiodQs ;' the quantity of lime being in 
one a. fourth qf th^t of the rubble, in another 
pnly^one-fevenrh, and in the others internif- 
diate : I made other parcels of mortgr with 
jny chalk lime, lime water, and the coarfe 
fand ; and others with, this lime, lime-water 
and the^fine Thames fand, in the laft rnen* 
tioned pf'Qpprtions. 

> I NEXT made a great variety of ipecirnens 
ofmprtarj. fon^e of which cqnfifted of rub- 
ble dud cqarfe fand.ipjxed in different pro- 
portions. 



portions, wetted with lime-water, aad 

' blended with one-fourth or one-feventh or 

intermediate quantities of lime : others were 

compofed of fimilar mixtures of rubble and 

:fine fand with lime and lime water: arid 

others confifted of rubble coarfe fand arid 

, Jfine fand mixed in different proportions, 

wetted with lime water, and beat up with thp 

\ different quantities of lime lately mentioned; 

• • • 

I SPREAD a part of each of th^fe fpeciniefis 

of mortar, as foon as it was^ made, on a tile 
(baked in lime water, half an inch thick in 
Ibme places, and much thinner in others : I 
placed the remainder of it, formed into oblong 
pieces of about an inch diameter, on the part 
of the tile which was not covered with mor- 
tar; and I fet all the tiles numerically 
jmarked, in the fituation formerly de fcibcd, 
where they were equally expofed to the wea- 
ther : this was done in May, 1777 : dur- 
ing the (ucceeding twelve months I examined 
each fpecimen, and noted my obfervations, 
the moft ufeful of which I (hall endeavour 
tQ relate in a few wprds. 



The 
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Thb ipc,CiO?^s c^^jitaininjg; rubble an<J lime 

inilWlJ m ^ny proportjon^reater thanfiye to op<?, 

wwe not fat enaugh, when frefli^ fo be coji- 

y^nipBtJ^ ijfed in building or iluccoing : but 

^m f>{ thena, ijiot excepting thpfe whiplj 

Cpntab^d the greater (juantitifes of lijnc^ 

^ «:wfo?4 in drying, Thofe whicji fead t|ie 

.^ ifeiriJeJf guaptili^s of liipe in tLem, were very 

Wf^gjk Qn tli^e jfjirface, coarfe in the grain, 

ijpongy, and eafily broken : they fhewed a 

, 4ef«fit -pf Jiioe^ •l?ecai}fe thofe which .con- 

. :tWi^i mpre liqpie wpre not fo bad in thefe re- 

. fpCv^ ^y all of them it appeared tHat 

, vhjewpver fijch rut^ble mufl: be ufed, for want 

4)f i9p4 ftr finer |;rsiv^l^ the lime mixed vfith 

rt^TtiftlXot l>&)efs than one-fifth of the quan- 

. tetjpfryl^ble. 

Of tfce ^cim^sns confining of coarfe fand 
. an4 lim^^ thpfe which had the fmaller quan- 
tifies of licne wer« too ftiort for common ufe, 
:9Wd C0)jW not be made to afliime a clofe apd 
.frfjpoth iurface, whijft. frelh ; but in drying 
^nd burdening, they were in every refpfed^ 
preferable to the cements made with rubble 
and lime, in the fame proportions : and of the 
fame fpecimens, thofe were the beft which 

contained 



[ 9' 3 
^eoataioed one part of lime in £ve pf fynd ; 
the others containing lefs lime being fgitfiiy 
like thofe made ^th lubble, and rhoff in 
which the lime was mixed in much gr<^9trr 
quantity, having the faults often obfenrtd 
to attend the excefi of lime. 

The fpecimens which coniifted df five 
fand and lime, were in general better, thin 

' the 6)regoing : and that particularly wbi^b 
contained one of lime in fix aad an half of 
facid, was in all refpeds much better tbfm 
thofe made with the fame or any other quan- 
tities of rubble and lime, or coarfe faiid and 
lime. The fpecimen which was Jbrmed 
with ieven parts of fine fand, asd one of 
lime wa$ not fq compad.and hard as that Uft 
mentioned* The comparifon of thefe two 
!(hewed that ieven of fand arc too much for 
one part of lime, when the fand is fine and 
unmixed with codrfe grains. The ipecimcn 
made with four parts of' fine {and, and olie 
of lime had the noted fistults attending the 
6!ccefs of litne ; for it cracked in drying, and 
was fenfib^jr injured in the winter, by thofe 
•alte«ifltio5Ki«' of drying, wetting, freeziilg, 

•^ imd thawing, formerly noticed 

On 



;' On divers -comparifons of thofe porticm 
" of mortar made of fine fand ^ad lime, with 
i the former, I. was perfuaded that a better ce- 
'- liient can be compofed with fuch fand as I 
l^call fifl^i than, with a coarfer :fand, wh9fe 
grains are all larger than any of thofe m n^y 
fine fand ; provided the coarfer fand be not 
' tiluBh fhafper than all that, I have yet feen* 
' If my experiments, had be^n made in fltfw 
' fuccefSon^ this laft obfervation would have 
• led me to imagine that mortar will he fouod 
^ the better as- the fand is finer. 

: Of the obferva^tions made on the parcels 
of mortar confifting of mixed .fands_&nd 
' xlime, thofe which follow are the niofl: f^^- 
' tiilent to our prefcnt enquiry • * . : 

: -'The ipecimcns made with mixtures of 
■ rubble, coarfe fand and different quanti- 
^ ties- of lime, . refembled thofe rpade with 

rubble . and lime in fimilaj: proportions, 
'■'■ when, the rubble was predctoitiant ; . ^nd 
- ref^jmbled thbfe' made witl| cowfe fand an4 
'. licaei iin^iimilar proportions, wh^dfthe coarfe 
t /and i*a^ predominanf; ftndl ce,uld perceive 
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no advantage derived froiA the' mixture H>f: 
rubble and (oarfe fand, except that the ce**. 
ment was fotoewhat bettei* as the quantity of : 
rubble was lefs, relatively fa the. quantity of. 
j($nd and lime; but none of thefe fpecimiens* 
^&c^ in any, refpedt fo good a? thofemade;. 
with fine fand only. .- . * > 

^ ■ r ' . • , . . '. ' ' ^ 

Qt the fpecinaens madeAvlth rubble and fine^ 
fand, that was the beft in which the fine fand 
was twice jjlie quantity oflthe rubble. But I 
could not -perceive that. iny .of thefe ;fpeci-v 
mens were preferable toJijhLpfe.made with the. 
like quantities of fine fand axid limq ; qr iha^ 
any ' confiderab.le„ady antajg^ is .gained . by * jthe 
mixture of rubble and fine fa;id»* 

. Of the fpecimens maderof coarfe fand. fine 
iij^and lime, thofewere manifeftly the beft/ 
which confifted of four parts of coarfe fand^ 
Ithrce of fine^. anyone part or a little mor^ 
pf lime : for, whilft freih, they were.mor^ 
^laftic thaa the others, and w^ere eafily made to 
^aiTuineafmooth furface; they were not difpofed 
tocr^ck in this niethod of drying ; they were 
Bot at all injured by wet or freezing or thaw- 
ing ; th^ were pretty clofe in thi? grain 5 and 

they 



J 
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tlfty gifew fd hard, in the cctti-l^ of ftitie dr tc«^ 
iliohthsv as to refift the chkel, br any iotct- 
teildmg to break the oblong pieices, much 
Ta6fe powerfully than any of the fpecimen* 
lately menttofte^. I noted them as the beft- 
ipecimensofmoiftarthat I had ever made; and' 
one part of lime, in four oEcoarfe, and tbreA^ 
of fine fand, to be a better proportion than any 
dther of the fands and lime, for ihcruftatiohs* 

Of the various ipeciirtiens of mottar made 
i^^ith mixtures of the rubble, coarfefand an^ 
fine fand, thole were the beft, in which the find 
faiid was eqnalor nearly equal in qiiantity to th6 
fabbfe and coaife fand ; in which the nibble 
was not much more than one feventh parttrf 
the ^vantity of both fands ; and in which 
£he wdght of the lime was one feventh of the 
weight of th$ fand and rubWe, or a fittfe 
tfiore : But thefe fpecimens, when frefh, wer6 
iefs ptaftic, and lefs capable of affuming i 
jfmooth furface under the trowel, as the quan- 
tity of rubble was greater ; arid I could not, 
6nd they Were preferable in any particular tb 
thofe ' refpeftively which were made with 
iimilar quantities of lime and: the mixtures df 
coarife and- find fand lately cernmended; ' - ' 

Upon 
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* tJpdri tlie ftnd^ef! cottiparifdn, f c6^elti4e<f,/ 
that bjie pari: of rubble iri ihtte of cddrife afid 
three qf fine fand, makes as good fitibrlJTi^ with 
lime, as can.be made with 'the fandf attd fitifiiJ 
without rubble, for any pufpofe whidi* ddSS 
not require a finer cement ; . but thefi' U ad 
advantage gained by the ufe of f Ubble* Whcfe thar 
coarle and fine fand can be had equally icAed|i^* 
unlefs a rough furface be required. 

' In ftuccoing walls the rubble promifed t» 
be ufefut in pointing arid in the firffe C6at$ 
becaufe .a roughnefs of this coat makes th<J 
finer exterior coat adhere more firrrily. 

In the review of all thefe fpecimens It ap- 
peared, that the quantity of lime, which forms 
a mafs fomewhat plaftic with fand and water, 
is the fmalleft quantity neceflary for making 
the beft mortar which fuch fand can afford ; 
and that any further quantity of lime is ufe-* 
lefs in the coarfer fands, and injurious in the 
^ner : that the necefTary plaflicity is induced 
by the fmaller quantities of lime, as the in- 
terftices of the fand are fmaller in the fum, 
and as the grains fit each other the better ia 
cobfequence of the due mixture of coarfe and 
'- ^ ' - fine 



[r 9^^ ]' 
£ac fands l.Jbut that the leffeningof the inter- 
iiicial fpace$, by the mixture of fine fand ^ 
with the coairfe, does not enable us to leffen 
the quantity of lime fo far as might be ex- 
pected in confequence of our notions of the 
Ijpaces n^eafured by water. It feems that the 
grain §. of .fine fand are held afunder by the 
lime pafte> to a greater diftance than they 
are by water ; and that the reafon, why the 
finer fand' requires more lime than the' 
cparfer- and mixed fand., is, that the fpaces, 
which are more numerous in fine fand than- 
ip the coarfe, are more augmented in the* 
whole quantity of them, by the particles of^ 
lime, which intercede alike the coarfe an3 
the fiae grains. 



SECTION 
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SECTION XIII; 

Experiments Jhewing the Effe£is of finejl Sand 
hnd quartofe Powder, in Mortar : Oiferva" 
iiom on the finejl calcareous cements : PraSlical 
Precepts. 

THE laft mentioned notion led me to 
fufped, fooii after the foregoing ex- 
periments were made, that^ although the 
fine Thames fand made better mortar than 
the coarfe fand or the rubble afforded, the 
mortar will not always be the better as the 
fand is finer, however iharp it be. I there- 
fore procured a large quantity of the very 
fine pit-fand ufed in London under the 
name of houfe-fand: I wafhed away the 
clay with which it abounds, and dried it : 
viewing it, when thus cleanfed, wjith a lens, 
I eftimated the fize of the grains to be, at 
the medium of the largeft and fmalleft, about 
one ninth part of that of my fine Thames 
fand: this I call fineft fand. At the feme 
time I was favoured, by my neighbour 
Mr. Bentley the ingenious manufacturer of 
the ornamental StafFordfhire ware, with the 
-H neceffaty 
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neceflary quantity of the fine powder of cal- 
cined flints, which is prepared for his manu- 
faftory. 

With divers mixtures of thefe with lime 
water and lime, in a variety of proportions ; 
and with each and both of thefe, blended 
withcoarfe and fine fand, lime and lime water 
^n fimilar proportions ; I made a great num-r 
Jjer of fpeclmens of mortar, which I tried 
in the manner already defcribed; and noting 
,my obfervations on them, I found the 
following to be the nioft eligible for the 
cojicife recital intended in this effay. 

Mortar containirig the quantity of limie 
neceflary to the plafticity and other defirq- 
able properties of it, or a greater quantity 
of lime, is the more liable to crack in drying, 
as the fand of it is finer- 

Mortar made with this fineft fand and 
lime, does not grow fo hard, or refift fradlure 
fo forcibly, as that made with my fine Thames 
land and lime, in the fame proportions, or 
anj others neareft to thefe. But the for- 
piQV mortar, when compofed of about fix 

parts 
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paf ts 6f fand, one of lime, ind the tiecel^ 
fary quantity of lime' water, and flowly dried^ 
becomes much harder than any of the com* 
mon catcareous ftuccos, ufed by plaifterers* 

MortAr Compofed of lime, my find 
Thames fand, and the fineft fand, is the 
Worfe as the quantity of fineft fand is greater J 
ftnd this holds true in every tried proportion 
of the fands and lime* 

MortAr donfifting of lirtie, doarfe Thames 
fand, fine Thames fand, and fineft fand, is 
the worfe as the quantity of this laft is the 
greater, when the Comparifon is made be-* 
tween* it and the cement'^ made with the 
fame quantities of liitte and the beft mix- 
ture of coarfe and fine Thames fandi 

Mortar made with flint-^powder, lime 
and lime . water, in any proportion, is moro 
liable to crack in dfying, than mortar com- 
pofed of any fatid and lime t it is moreovel" 
incapable of hardening to fb gr6at a degree ; 
whether the hardnefs be tried with a chizel, 
or by breaking it acrofs. But mortar made 
with about five parts of flint-powder, one o^ 
H 2 limejr 
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lime, and the rieceflary quantity q{ lime wa* 
ter, is neverthelefs preferable to any ftucco 
.now ufed in infide work, for the finifhing coat ; 
becaufe.it has a more lively whitenefs, and 
affumes a finer furface, which I think might 
he made to imitate that of marble : It requires 
however to be dried very flowly* 

Mortar made with coarfe Thames fand, 
fine Thames fand, flin t-powder and lime ; or 
with fine Thames fand, fineft fand, flint- 
powder and lime ; or with the fineft fand, 
flint-powder and lime ; is the worfe, as the 
quantity of flint-powder is greater, relative- 
ly to that of the land. 

^ Upon the whole it appeared, that the fineft 
fand is injurious in mortar which is expofed 
to the weather, and that flint-powder is ftill 
>vorfe : .. but. that this laft may be advanta- 
geoufly ufeG in compofing ftucco for infide 
work, in which, ja fine texture, pleafing co- 
lour, and fmooth ftirface, are preferred be- 
fore extrejne hardnefs ; and in which the dry- 
ing may be regulated fb as to prevent the in- 
cruftation from cracking. 

Instead 



Instead of refting fatisfied with the bare * 
difcovery of the faft, that very fine fatid, or 
quartofe powder, is incapable of making fo 
good a cement as may be formed with coarfer 
fand, although fine Thames fand and lime • 
make a better cement than can be compofed 
with the coarfe fand and lime; and that 
the mixture of very fine fand, or filiceous ' 
powder, with the Thames fand, is rather in* 
jurious than ufeful, although the mixture of 
the fine with the coarfe Thames fand, is 
better for mortar, than either of them un^ - 
mixed ; I took a great deal of pains to learn 
the caufe of this,' in order to confirm o^ 
correct the foregoing notions, and render 
the precepts which flow from ihis foft, 
the more fatisfadtory, ^ 

By forting my fineft fand into divers par- 
cels, in fifting it through different fieves; 
by meafuring the mefhes of th^e; and by 
viewing the grains of each parcel ranked 
clofely on a fcale ; I perceived, more clearly 
than I had done before, the roundnefs of 
this fand : I moreover found that the grains ' 
of the coarfeft parcel were, at a medium of 
their refpedive bulks, upwards of fixteen 

H 3 times 
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times larger than thofe of the fineft parcel, 
the grains of the other parcels being of divers 
intermediate . fizes. As this fand therefore 
has every advantage attainable by the mix- 
tyre of coarfe and fine grains, and every dif- 
advantage . refulting from the fmalinefs and 
TQundnefs. of its grains, I learned the reafbn 
\yhy the defeats attendingfuch fine round fand ' 
in mortar, are not corrcfted by any mixture of 
c'o^rfc fand.:, How thefe defedts are induced 
by the fineft fand and ftint-pbwder,' we may 
conceive in the foUbwmg. manner. 

Having already (hewn how the roundneft 
of fand tehds tp render the mortar made with 
it defe6live, I may, without any further illu-» 
ftration of this matter,, reckon on this fi- 
gure of the grains of fineft fand, as one caufe 
of the imperfedion of the mortar in which it 
i^ ufed; 

Therr is nothing to prevent the laminae 
of lime pafte, which intercede the grains of 
fiaeft farid,Yrom bepg. as thick, in the mafi- 
of mortar: made with it, aa they are in mortar 
made with coarfer fand; but they are likely, 
to be thicker in gener^l^ as the faces of the. 

' '- finer 
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finer grains are rounder : The nil mber and ex« ' 
tent, moreover, of thefe laminae, muft be 
greater, in the fum, in the fineft fand than 
in the coarfer : and it is for thefe reafons, 
that more lime pafte is required to make mor- 
tar with the former than with the lattLr ; 
fince the mortar is hot formed, until the pafte 
enveloJ)es every grain, and fills the interftices. ' 
In this view of the fubjedt, we difcover ano- 
ther caufe of the defeft lately mentioned. 
If we ufe lime with afparing hand, it wiU" 
riot extend between all the grains or fill the 
ipaces ; we find the mortar too (hort whilft 
fiefli ; and it is as defeftive in ftrerigth, when 
indurated, as it is deficient of the x:^tnenting 
matter. When we ufe the neceflkry quan- - 
tity of lime, the calcareous matter bears a 
grater proportion td the qiiartofe grains^ in 
this fineft mortar, than in the coarfer; and this' 
renders the former defeftive, aciibrdihg to the • 
principles of aggregation already expreiled. ^ 
..f . .. . • , . , " .> 

A THIRD caufe of the impepft<ftlon' oP 
mortari made with fineft fand, or contaihiiig a ^ 
large quantity of it, appears, 6n thd donfide-- 
ration of the quantity of lime. We have re- ' 
p^atedly feen that mortar contrads the more * 
H 4 in 
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in drying, and is the more apt to crack, as 
it contains a greater quantity of limepafte: 
and as the fiueft fand requires an extraordi- 
nary quantity of the pafte to form it into 
mortar, the aggregation of fuch a cement is 
likely to be impaired by fiffures, although 
they^do not always appear, by reafon of their 
fmallnefs. 

Other fcaufes, of the ^experienced impet- 
feftion of fine mortar, might be added, which 
have no relation to the figure of the grains of 
land or Jthe quantity of calcareous «matter ; 
but to avoid an excefs jof theory, I forbear to 
mention them, and fhall only add a conjec- 
ture concerning the finer cements. 

When a cementlouS; mafs, like mortar, 
i§ cut with ^an edged .inftrument, or bro- 
ken acrofs^ we may obferve that the £ra<3:ure 
happens in tJje, ihor.t^ft -JinP, along the laminae 
of the weaker cementing matter, and feldom 
or never ,iu th^ fhorter rights line paffiftg thro* 
the harcjgr. gjraias and t'h^ cement alternately^ 
although the iraprefledforqe tend to c^ufethe . 
folutioa)of cbntinuityifi the (horteft, or in a 
right line. By the principles of mechanics, 
• . tho 
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the refiftahce to fuch forces is greater,^ ca-^ 
teris paribus^ as the line of frafture is longer, 
whether it be ftraight, or winding in any 
courfe : ^nd it it for this realqn, that a wall 
built with very large fquare ftones, is lefs li- 
able to crack, although the foundation ihould 
fail near one extremity of it, than a brick 
wall built with the fame kind of cement on 
the lik^ ground ; or that a wall, whole bricks 
are jointed in the prcfeitt feiflubn, is more fe- 
cure from cracking, than that which (hould 
be built, on the like infirm ground, with* the 
fame kind of mortar and bricks ftandingvover 
each other,^ not jointed, but with their fides . 
and ends fluflied, as the workmen exprefs it. 

.A s cements are'cut and broken in the dirfedion 
of the cement, and not in the ihorter line ; 
'2^ the cracks in ill-founded walls run wind- 
ing along the joints, inftead of going in the 
Ihorteft courf6 through the bricks and- joints 
alternately ; and as the refiftance of fuch ce- 
mentious ihaffes, eftioiated by mechanical 
theory, is greater, as the line of frafture is 
neceflafiiy elongated by the flronger aggrega- 
tion of certain parts of therti ; I am inclined 
to think thit calcareous cements made with 
* lime 
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lime and quartofe matter, will always be' 
found weaker, under the trial by the chizel 
or by frafture, as the quartofe fand or powder 
is finer; becaufe the line of fracture, » which 
takes the courfe of the cementing , matter, is 
iliorter, in any equal depth of fuch maffes, 
a$ the .hard quartoie grains are fiber and 
rounder. . 

As flint-powder confifts of exceedingly fine 
^ains of filicious ftone worn to roundnefs in 
the grinding, what has been faid of the fineft 
fand is fiiflicient to (Kew, why the cements, 
which contain flint-powdfer, are thfi worft of* 
all thofe we have mentioned. 



The Cuftbmary /method cjf wafhitig fand, 

even for ftucco which is to be e^ofed to 

the weather, xonfifts in paffing it through a 

fieve, by a circular hoi5zpntal motion of it, 
in a tub filled with water, which flows 

over, and carries away with it auy light mat- 
ter which can be. long fufpended: in water, 
aj faft ^3. the fandrutts through the fieve into 
the veffel. But tJiispFpcefs is inlidequate to 
our views; becaufe the fineft faUd fubfides 
along with the befti ^ad thefe, in .the pre- 
., cipitation 
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clpitatioh, entangle and carry down with 
them a great deal of finer powder or dirt. 
[Where fuch a method muft be purfued, for 
want of other utenfils, or through the fcarci* 
ty of water, the fand ought to be agitated 
lagain in fmall parcels, with a part of the 
water which has cleared by fybfidence ; and 
immediately after the agitation, the muddy 
water ought to be poured off, before the 
light parts have time to fubfide in it. But 
the ufeful part of the fand is more efFedlually 
freed frorti the finer and noxious parts, by 
fifting it in ftreaming water, whofe current^ 
is to be fo managed, that it (hall carry away 
the mud and the fand which is too fine,, 
whilft the better part fubfides in a proper 
receptacle/. This art may be gathered from ' 
the pradice'of the Cornifli miners, in wafli* 
ing their pounded ores, better than from any ' 
written precepts. 

In the fubfequent pages-! propofe to Ihew 
the integrant parts of gravel, and their feve* 
ral properties in mortar: for my prefentpur- 
pbfe it will be fiifEcient to obferve, that the 
gravel commonly employed in building con- 
fifts chiefly V after it is (krecned, qf rubble^. 

coarfe 
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coarfe fand, fine fand, ancj fineft fand, fimi- 
lar to thofe ufed in our ckperiment^. This 
is obvious on the bare iiifpedion of it, and 
leads us to difcover another caufe of the 
weaknefs of our modern cenients, in the 
compofition of which, no other precaution is 
ufed, re{pe£ling the gravel, except to fepa- 
rate the ftones and coarfeft rubble fron:i it, 
bylkreening. 

When it happens that the flcreened gravel 
contains more than a certain quantity of rub- 
ble, relatively to that of coarfe and fiiie fand 
fimilar to thofe defcribed, the mortar made • 
with it muft, according to our experi- 
, ments, be defective. It will be fo likewife, - 
whenever the coarfe fand of it predominates . 
over the fine fand, to a greater degree thaa . 
that w-hich was:-fcmhd confiftent with the; 
perfection of mortar : and when the quan- . 
tity of fineft fand happens to be confiderable 
in griavel, the mortar made with it muft be 
faulty in a greater d^ree* Nowfuppofing> 
the gravel to be.fT«d, by the (kreening, from . 
everything more ^injurious than fineft fand* 
and qtsartofe powder^, we perceive that the 
artift, whd is i^oraiit of. the advantages of. 

fizing 
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lizinghis gravel, and ufes it in its native ftate, 
as chance prefents it, has the odds greatly 
againft his making good mortar, although he 
jcnay fometimes do it, vsrithout knowing the 
reafon, as wc Ihall find hereafter : for his 
chance is, that the native gravel (hall confift 
of coarfc and fine fand mixed in the propor- 
tion of 4 to 3, or of the rubble, coarfe and fine 
fand mixed in the proportions above recom. 
mended; and that it fhall contain little or no 
fand like our finefl fand : but the chances 
againfl him are as numerous as there are 
other diftant proportions of rubble coarfe and 
fine fand in gravel, and as the kin4s of gra- 
vel ufed are, which contain the finefl: fand 
or fl;ill finer quartofe grains, in efficient quan- 
tity. 

»• In great cities, where gravel cannot be 
procured fo cheap as the rubbifli of old walls, 
which the workmen lay in the ftreets to be 
ground to powder by, the paffing carriages, 
they ufe this rubbifli (kreened, in the place 
of fand or gravel, in making mortar. It con- 
fifts of thegrofs powder of bricks, and of mor- 
tar indurated, as much as bad mortar can be, 
by time ; and fome builders affirm that it is 

better 
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better than fand or gravel, for mdrtaf. It U 
certainly eligible when the price is chiefly 
confidered ; in any other view, it is not fo# 
From niy paft experience I judged the cal- 
careous powder of an old cement, atid that of 
the bricks, to be a brittle perifliable and weak 
fubftitute for grains of fand ; and the quan* 
tity of duft in fuch ground rubbifh, to be 
highly injurious : bvt as the opinion of the 
workmen was againft me, I made fome trials 
of it. 

I FOUND that lefs lime wis requried to make 
fat mortar with this ground rubbifti, than 
With my beft mixtures of fand ; which is nd 
fmall recommendation of it in certain jobbs, 
and is owing, in my opinion,, to the ground 
calcareous part, which, fo far as it is finely 
powdered, is equivalent to whiting : but the 
mortar made with the rubbifli appeared, iii 
every ftage of induration, and in every com- 
pari (on except that of the plafticity, to be 
greatly inferior to that made with mixed fand 
and lime, in the fame proportions. 

If the workmen would confine their opi-* 
nion to the companion of fuch rubbiih-mor* 

tdt 
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tar, with that in which clayey gravel is iried, 
or with the cements made with the alhes 
and ordure of the town, dug out in prepa- 
ring foundations of houfes, in thofe placeg 
which were formerly receptacles of fuch 
matter^ they might maintain it on diverg 
grounds which will be examined hereafter ; 
but otherwife it is erroneous* 



I 
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SECTION XIV. 

Experiments made on a larger Scale with our hefi 
Mixture of Sands Lime Water and Lime. 

IN the fpring and lummer of th« year 
1778, I repeated a great number of the 
foregoing experiments, particularly thofe 
which exhibit mortar in the improved ftate 
to which I had brought it; and finding my 
former obfervations to be true,, when the cir- 
comftances were not varied, I refolved to try 
my beft cements in larger quantity and in 
other circumftances. I applied them in the 
way of ftucco, on the brick walls of hotifes^ 
in different afpecls, but chiefly in that of the 
meridian fun ; covering a fquare yard at leaft 
with each ipecimen, after- I had repeatedly 
wetted the wall with lime water. 

By thefe trials I found that mortar, made 

with four parts of coarfe fand and three of f?ne 

wetted with lime water and beaten up with 

one of my lime flaked with lime water, al- 

- > though 
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though it cduld be eafily fpread on a hori-, 
zontal plane, or ufed in building with bricks, 
was rather too (hort for plaiftering oiv the per- 
pendicular furfaee of a wall. It might how- 
ever be laid on, in fntlall fucceflive portions^ 
by a dexterous management of the trowel, 
and efpecially by Aiding the inftrument on it 
upwai^ds. 

When the weather continued temperate 
and dry for eight or ten days after the in- 
cruftation was made, and no great quantity 
of rain fell for three or four weeks after- 
wards, this ftucco anfwered my expedlations ; 
for it did not crack in the leaft, and in three 
months was almoft as hard as Portland ftone, 
at the furfaee, where the induration firft takes 
place for the reafons formerly mentioned; 
but it was too coarfe to reprefent a fine 
grained ftone. 

Having .made two pieces of incruftatioa 
of this kind, on the fame wall, ind knowing 
that calcareous cements caniwt harden fo 
foon as it is neceffary in outfide ftucceing, un- 
lefs they be pervious to acidulous gas, in 
which cafe they may drink in water likewife, 1 

I fre- 
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frequently wetted one of the pieces, in 
about three months after it was formed, 
with lime water, expefting that the calcareous 
matter of it would cryftallize in the cement 
and render it clofer and harder. I was not 
difappointed ; for in the courfe of a month I 
found this piece of ftucco harder and clofer 
than the former, and at the furface, as much 
fuperior in thefe particulars, to Portland ftone, 
as the other was inferior to it. I have fince 
found that lime water has not this effect, if the 
incruftation be wetted with it, before it is quite 
dry and indurated ftowly, to vie with Port- 
land ftone in that kind of ftrength which is 
tried by grinding Portland ftone on it, or fcra- 
ping it with a cbizel ; for any other trial of in- 
cruftations is unfair, until the induration has 
proceeded equally through the whole mafs. 

When the incruftations made of the fame 
cement, were wetted by rain, in two or three 
days, or fooner after they were applied, and 
efpecially whfen the wind blew the rain for- 
cibly upon them, they were fenfibly injured, 
for they never afterwards looked or hardened 
fo well as the former fpecimens of ftucco. 



In 
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In thefe' particulars the large incruftatioiis 
agree^d with thofe made on tiles. But the 
fame agreement did not appear in the incruf^ 
tations which I had made with the fame 
compolition, on a wall which fronted the 
meridian fun, at a time when the weather 
was very hot ; for thefe (hewed a few flen- 
der cracks in the Courfe of three days. 
When in the fame fituatibn and weather, 
and on a coarfe ftucco of this kind, I fpread, 
in about two hours after it was laid on, a 
thinner coat, of cement made with finer fand', 
in order to reprefent a finer grained ftone, the 
incruftation confiding of thefe two layers, 
cracked more than the former. 

After many repetitions of thefe experiments^ 
in the hotteft weather, with the fame event, 
I perceived that the trials of fuch cement on 
tiles, are not fo fevere as thole fo which they 
may be expofed fometimes in incruftations 
on walls. In this latter cafe, the ftucco is 
very unequal in thicknefs ; for in the hollow 
joints and deprefllions of the bricks, it is near 
an inch thick, when over the prominencies it 
has not more than one-eighth of this thick- 
nefs ; and as it dries fooneft m the thin parts, 
1 2 the 
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the unequal contraction feeras to be the caufc 
of thofe cracks^ wlvch would not happen to 
the fame cement laid on the flat furface of a 
tile : it feems moreover that fuch a composi- 
tion may more eafily contradl in drying, with- 
out cracking, as the cruft is made narrower or 
lefsextenlive. But I impute the cracking chiefly 
tothe foregoing unequal contraftion accelerated 
iiot only by the heat of the fun and the wall, 
but by the thirfty bricks ; for if we form our 
judgment according to the quicker or flower 
progrefs of the exflccation, and the fliifFnefi 
which the cement acquires in the act of fpread- 
ing.it on the brick wall, the wetting of this 
lafl: fuperficially with lime water, is not equi • 
valent to fl:eeping the tiles for a few mi- 
nutes in the fame liquor. 

When, with the view of preventing fif-^ 
furcs, I ftuccoei a part of the fame wall wet- 
ted with lime-water with cement containing 
the mixed fands 5nd lime in the pro- 
portion of fifteen to two, in the fame kind of 
weather, I found the difficulty and wafl:e, in 
applying it, greater than in the former in- 
ftances, and that it was defective in ftrength 
and clofenefs, for waxit of lime, although it 

did 
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did not crack. When, through diftruft of 
my former experiments; I ufed more than 
one-feventh of lime, the cracks were ftill lar- 
ger and more numerous. 

To guard a recent Incruftatioii from the 
rain, and to fccure it from cracking in the- 
circumftances laft defcribed, I propofed the 
expedient of hanging fail cloth on the cor- 
nices and fcaffolding : but the expenceof this 
meafure^ and the danger of it in windj wea- 
ther, were ftrong objeftions. 

Embarrassed by thisunexpefted difficulty, 
Ijrefolved to change my ground, and try 
what might be done by a new feries of expe^ 
riments, in which I ii>tended to ufe every 
known cheap fubftance, whether it could be 
reafonably fuppofed to have any coniiderable 
cfTeift towards fecuring a recent jncruftation 
againft the above-mentioned imprefiions of 
rain or hot weather, or could be fufpefted 
of rendering the ftucco defeftive. I profe^ 
cuted this enquiry with great alacrity, be-^ 
caufe I was certain that, although I fhould fail 
in the attempt towards improvement, I 
(hould learn how in future tp avoid thofe 
I 3 things 
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things, which being natively blended in cer-: 
tain kinds of lime ftone fand or water, tend to 
render the mqrtar made with them faulty. 
I had already conceived a notion, which 
I (hall fubmit to my reader before I conclude, 
concerning the excellence of fome antlent 
cements ; but left I fhquld be mifled by it, 
I proceeded, in all the experiments which 1 
am to relate, on the fuppofition that this ex- 
cellence is owing to fbme matter, accident-: 
ally intrpduci^d in the materials which the 
Antients found in. the diftricts contigupus tq 
their moft durable cementious works, or; 
defigjiedly blended with their mortar. 
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SECTION XV. 

Experiments Jhezving the integrant Parts ofGra- 
velj the Choice and Preparation of it ; and the 
Effe^s of Clay J Fuflers Earthy and terras y 
in Mortar, 

ON infpefting different kinds of gravel 
ufed in London and in divers parts, of 
England, in making mortar, I obferved that 
they all contained fome clay ; and that this 
was generally coloured v^ith martial matter. 
In conlideration of the frequency of this mat- 
ter in mortar, I made it the firft fubjcft of 
my prefent enquiry, 

By the art already defcribed, I forted three 
bufliels of Ikreened gravel dug up near Port- 
land Place in Marybone parifli, into five par- 
cels ; one equivalent to our- rubble, another 
to coarle fand, another to our fine Thames 
fand, another to our fineft fand ; and the re- 
mainder was fet apart as* clay or bolar earth. 
I dried all thefe, and reduced the lumps of 
. play to an impalpable powder, 

J 4 JlAVINd 
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Having treated divers other fpecimens of 
gravel in the fame manner, I found that grar 
vel, freed from the larger pebbles by (kreen- 
ing, may generally be confidered as a native 
mixture of rubble, fands, and clay ; and that 
when the clay is waflied out, the refiduary 
parts of the different kinds of gravej, differ in 
fize, (harpnefs, colour and hardnefs ; thofp 
being the hardeft which cpnfift chiefly of 
quartofe matter. Judging of gravel accordr 
ing to the precepts derived from my trials q{ 
fand, I rank that dug in Maryboiie amongft 
the better kinds of gravel, and ufed no othejr 
in mortar. 

After a great number of trials of ce- 
ments made with my beft chalk-lime, Jirae- 
water and the gravel, or certain parts of the 
gravel, and applied on tiles and oii a w^U I 
foui^ that thofe made with the coarfe and 
fine fand of the gravel, feparated from the reft 
of it, and mixed in their niative proportions, 
were the beft; that thofe ipade with the 
rubble coarfe fand and fine fand mixed in 
their original proportions, but containing no 
other part of the gravel, were the next in 
hardnefs and the other defireable qualities; 

that 
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that thofc containing all the parts of the 
grkvel except the clay, in their native propor- 
tions, differed in aothing, that I could difco- 
yer, from thefe laft, for the fineft fand 
pf this gravel was not a fiftieth part pf the 
mafs of it ; that thofc containing the rubble 
fands and play in the fame proportions, and 
thofe made with the unwalhed gravel, ap^ 
peared on a clofe examination to be the word; 
of all thefe : and thofe containing the na- 
tive unwaihed grayel mixed with twice its 
proper quantity pf the clay of fuch gravel, 
ihewed mod clearly that clay is highly inju^ 
rious, by ^Ifpofing the mortar to crack in dry- 
ing, to foften in wet vveather, and to moulder 
when the quantity of clay is one-eighth of that 
pf the fand J but in much fmaller quantities, 
it only prevents the cement from acquiring 
the hardnefs peculiar to good mortar, and 
cpnfequently difpofes it to perifti in a fe\y 
jrears. 

• With my beft mixtures of Thames fands 
lime water an4 lime, I blended fine fat to- 
bacco-pipe clay, in different proportions, and 
expofing thefe Ipecimens, I perceived that the 
pfft&, of clay is; greater as it is purer and fat- 
ter. 
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ter. The fpecimens in which the quantity 
of fat clay was oue-feventh or one-eighth of 
that of the fands, mouldered early in the 
winter like marie, 

• These appearances were not altogether un- 
expected : for in experiments formerly made 
with a view to the improvement of fite-vef- 
fels, I had obferved that clay adheres but 
weakly to any hard bodies, however flowly 
it is dried on them, and that mafles compofed 
of clay and fand in divers proportions, never 
acquired any confiderable hardnefs by the. 
mere drying and expofure to air :- It was- 
therefore not likely that clay fhould add to* 
the ftrength of mortar: but as dried. clay 
greedily imbibes water and fwells with ' it, 
and in drying coutrafts greatly and cracks, if 
any thing prevent it from contracting equa- 
bly ; and as marie flones, which conlift of. 
clay and calcareous earth, moulder in the .wea- 
ther ; it was to be expedted that clay would 
be hurtfuL 

These experiments point out another caufe 

of the defefts of the common mortar, and 

fhew that the gravel or pit- fand to be ufed in 

. . any 
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any valuable building, ought to be freed from 
the clay by wafhing, which will be found a 
very cheap operation, even in cities, if the 
water which carries off the clay, be directed 
into a place where it may be depurated by fub- 
fidence, for repeated ufe : they likewife diredt 
us in the examination and choice of thefc, and 
fliew that the viler kinds may be made equi- 
valent to our beft mixture of Thames fand, or 
nearly fo, by wafhing and forting, and then 
rejediing the excefs pf rubble or fine fand* 

• I "MUST obferve however that fbme kinds of 
gravel cannot be made fit for mortar by this 
procefs : for the grains of them, which re- 
femble thofe of rubble and coarfe fand, confifl: 
of fmaller grains cemented by clay, which is* 
fo far mdurated that it cannot diiFufe itfelf 
in the water fpeedily. 

Fullers earth tried in the fame manner' 
was found to operate^ in the mortar like clay, 
in every refped:, as 1 might have prefumed, 
except that the former was lefs injurious than 
the clay, when the quantities of them were 
equal. 

TERRAS, 
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Terras, which is a volcanic produdion 
confifting chiefly of clay and calx of iron in- 
durated together, when it was ground to an 
impalpable powder, produced the efFeds^of 
fuller's earth, in mortar, the more fenfibly as 
it approachedhearer to be one-feventh of the 
quantity of fajid. The coarfer powder of 
terras had lefs effed* 

A MORTAR made of terras powder and lime 
was ufed in water fences by the Romans^ 
and has been generally employed in fuch 
ftruftures ever fince their time. It is pre- 
ferred before any other, for this ufe, becaufe 
it fets quickly, and then is iropenetraWe to 
water : whence fome people haftily conclude 
that it is the beft kind of mortar for any pur? 
pofe. Put by experience I know that mor- 
tar made of lime and terras powder, whether 
coarfe or fine, will not grow fo hard as mor- 
tar made with lime and fand, nor endure ^he 
weather fo well ; but on the contrary is apt to 
crack and perifti quickly in the open air. 
The efficacy of it in water fences is experi- 
enced only where it is always kept wet, and 
feems to depend on the property which the 
powder of terras has, in common with other 

in* 
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indurated argiUacious bodies, and efpeclally 
the boles, but in a higher degree, of expedi- 
ting the cryftallizatioli of the calcareous mat- 
ter, by imbibing the water in which it is 
difFufed in the mortar, and of fwelling, du- 
ring this abforption, fo much^ as tq render 
the cement impenetrable to any more water : 
it feems alfo that an acid of the vitriolic kind, 
which is contained in terras as well as in 
boles, contributes to the fpeedy fetting of 
this cement, by reducing a part of the lime- 
to the condition of gypfura. 
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SECTION XVI. 

Experiments Jhewing the EffeSis of PlaiJierPow*- 
der^ Alum^ Vitriolic Acidy of fome metallic 
and earthy Salts ^ and of Alkalies ^ in Mortar. 
PraSlical Inferences. 

IN my beft mixtures of coarfe and fine 
Thames fand with one-feventh and with 
larger quantities of lime, I tried the gypleous 
powder of which plaifter of Paris is made ; 
and found it to be injurious in proportion to 
the quantity of it. The particular effe^s of 
gypfum in mortar, were fuch as might be ex- 
pected in confequence of our knowledge of 
the faline nature of it ; gypfum being a com- 
pound of calcareous earth and vitriolic acid, 
which is foluble in water, not fo freely as 
neutral falts, but rather like lime : it difpofed 
the mortar to fet fafter than it could be ap- 
plied in ftuccoing ; it contributed very little 
to the plafticity of it ; and the cement was the 
more apt to foften in wet weather and to pe- 
rifli in time, as the quantity of plaifter pow- 
der 
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der in it was greater. The greateft quantity 
tried was only one-feventh of that of the 
land. 

Alum was found very injurious. The 
acid of alum formed felenite or gypfum with 
a part of the lime, and thus operated like 
gypfum or plaifter powder ; whilft the earth 
of the alum induced the imperfections which 
attend the ufe of clay. The greateft quan- 
tity of alum ufed was one part in ten of the 
beft mixture of fand and lime ; and this fpe- 
cimen mouldered, in nine or tenmonths, like 
marie. 

Vitriolic acid, which formed felenite or 
gypfum with a part of the lime, produced the 
efFefts of a quadruple quantity of plaiiter 
powder. 

ViTHtOLS of lead and of tin, being decoro- 
pofed by the lime, operated like fmaller quan- 
tities of vitriolic acid : martial vitriol or cop- 
peras had the fame efFeft, and induced an 
olive colour, which was foon turned to that 
ofruft. 

Vitriol 
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ViTKiOL of zinc or white vitriol, and 
Epfom fait, did not difpofe the mortar to fet 
haftiiy, nor injure it in any particular difco-^ 
verable during the application and drying 
of it ; for thefe vitricds are not cafily decora- 
pofed by lime : but afterwards I perceived 
that they impeded the induration of th6 
ftuceo, and difpofed it to fufFcr by the wea- 
ther, the more as the quantity of either of 
them came near to be one*tenth of the quan- 
tity of fand. 

ViTRioLATBD tartar, Qlaubers fait, and 
the falts which are found in moft of our wa- 
ters, fuch as fea fait, nitre, marine calcareous 
felt, calcareous nitre, and that compofed of 
magneiia and marine acid, were found like 
Epfom fait to injure the beft mortar : fo were 
cauftic mineral alkali ; cauftic vegetable al- 
kali ; and liquor filicum. Cauftic volatile 
alkali, which foon exhales by reafon of its 
volatility, had no fenfiblc cfied. I did not 
try argol or mild alkalies, becaufe they reduce 
the lime to whiting ; neither did I ufe any 
acid which forms a very fbluble fait with 
lime, for obvious reafons. 

Knowing 
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kjfto^v'iKG that the lime which has tedrt 
Employed iby foap- boilers to. render, their ba-» 
HUa and pot-afli caiilliq contahisi cvcu after 
the repeated elixations, a little alkali and 
vitriolated tartar blended with th^ calcareous 
earth ; and that the greater part of this laft 
is reftored to the condition of chalky by the 
acidulous gas imbibed from the alkaline falts ; 
I had, in dorifequence of the foregoing ex-* 
perimcnts, fufficient reaibn to prefume that: 
this refuft matter df the fbap-boilers camiot 
anfwer the purpofcs of lime^ or improve out 
jnortan But as a pretence to the contrary 
is niade by fome artifts^ and appears in the 
Builder's Dictionary, and as the cheapnefs 
of this article is a temptation towards thei? 
extending .ihc ufe of it, I refolved to decido 
this queftion by dircft expetiment^ ; 

' After trying, in my ufual method, fpc^ 
dmens of mortar made with the refufe o£ 
^ap-lees and niy beft fand, in different pro-*, 
portions ; and others made with this facid^ 
Unie, and the refufe .matter, in various pro^ 
jportipns ; I ibund the firft deftitute of the moft 
ttfeful properties of good mortar ; and the 
others were, defeflive, in proportion to the 
* K ' quantity* 
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qtiatitity oF the refufe matter relatively^ to 
that of the lime. Whether this matter im- 
proves mortar made with gravel s\ncl the com* 
inon diaik-lime, or encreafes the defeats of 
it, is a qucffion not worth our notice. 

The <Exp«riment8 lately related fhew that 
lime is the more unfit for building and ex- 
ternal incruftatfons, as it contains more gyp* 
fum; and I muft now renaarfc that moft 
kinds of time^(tone ufed in England ' con- 
tain coafidt'rable quantities p£ Ithis matter 
wiiich is not much corrected in^he burning t 
Rut ixs I li^ve, in the fecond feftion^ enabled 
my readers t6 diftovcr this imperfection, 1 
hop^ I fliall be exc;ifed from the invidious 
oifice of depreciating or, recommending any 
particularli:me*ftone or nrxanufa^Vory of iimev * 

The cautions whldi our laft mentioned 
cx'periments ^uggeft with regard "to the tfft 
of water, ^re. efpecially neceflary in thi^ 
country, tvhere' mofl of the wells and fprings 
abound widi one or tnore of the above-- 
mentioned fahs ; and it is not to be prefurned 
thrft the 'quantity of thefe Contained m water 
which* is' ufed foci culinary purpofes^ caixntW 

be 
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be injurious in nwrtar ; for t know t!iat fe- 
knitc, Epfjptfrt fait, the very ddiqtiefcent fklts 
compound of tntignefia and •marine acid and 
of calcareous earth and the fame acid, tniy^ 
tcfgether with a little fea-falt^ be natively di{^ 
folved in watet', to the quantity of half art 
ounce in agafloti, without ajEFeding the tafte^ 
of it fenfibly* When we confider the quan- 
tity of water neceffary in flaking the lime 
making the mortar and wetting the thir- 
fty bricks, and the fmallnefs of thole por- 
tions of falts, whofe injurious efFefts vreic 
difcoverable in the couffe of one year, drirt 
a fhorter time, we find fuiBcient grounds f6r 
concluding that fuch faline waters will be 
found hurtful in mortar, before many yearsi 
elapfe, particularly where it is expofed to 
moiflure* Indeed this has been already ex-^ 
perienced of fea-falt, even in the fmall quan-* 
tity of it introduced in mortar, when the 
fand is taken from the fea fliore. Th^ 
eaiieft method of difcovering the quantity 
of faline matter In water, confifts in evaporat- 
ing it flowly to drynefs and weighing the 
refidue : water which depofites calcareous 
earth as fbon as it is heated, ought to be cleared 
by ^ubfidcRCe- or filtering, before the evapo- 
ration is compleated. 

K 2. Whek 
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. When a choice can be made^ rain water 
is to be preferred ; river water holda the next 
place^ land water the next, fpring water the 
laft ; and waters noted medicmally or other-, 
wife for their faline contents, ought not tO: 
be ufed at all in mortar i for the falts con^ 
trained in them are thofe which were tried*, 
the vitriolated tartar excepted. , 
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SECTION XVIL 

Experiments Jhewlng the Effects ofJkmmedMllJt^ 
Serum of Ox^Blood^ DecoStion of Lint feedj 

' Mucilage ofLintfeedj Olive Oilj LintfeedOil^ 
and Refin^ in Mortar ; and the EffeSl ofpaint-^ 
ing calcareous Incrujlations, 

AT the fame time and in the fame mix- 
tures of the heft fand and lime, I tried 
ikimmed milk, ferum of ox-blood, decodion 
of lintfeed ft rained, and thick mucilage of 
lintfeed, in the place of lime water. 

The mortar made with any of thefe wrfl 
fatter as the liquor was more glutinous, but 
was as liable td crack as mortar made with 
water. In the courfe of a year it appeared 
that each of thefe liquors encourages a vege- 
tation to take place on the furface, which 
gives it an ugly appearance, and tends to 
ruin it ; and that they all prevent the cement 
from acquiring the experienced hardnefs of 
K 3 ^ur 
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our beft compofitions, or indeed from having 
any competition with them in this particu- 
lar, 

J ■■ • • • • . 

The notion therefore which is entertained 
ty the builders^ eoncerning the ufe of ikifn-* 
med milk and Wood^ is erron^oigs, UBilefs it 
be. confined to the viler kinvJa of mqrtar, 
which n^ay perhaps be inaproved by thea? ; 
becaufe a compofition of (knd whitiag apd 
mucilage, grows harder than that of whiting 
and fand kneaded with water* 

It feems to. me that glutinous liquor^ 
and good lime .a<3: reciprociaUy on oach other^ 
in the time of mixing thcmi,-tQ the deftrudioor 
qf their refpedtive charadbersj and particular- 
Ij to the converliour of arpaxt. of the qtHcl^ 
iim^ into whitilig 5 and that; if aay kind of 
mortar is improved by them^ it is then elpe* 
gially, when the workman t^kfs advantage of 
the fatnefs induced by them, and ufing lefe^ 
than his cuftomary quantity qf Uroe^ fecures^ 
JaiswQr^ ^om cracking, 

Olive oil minted with good.mortar, or fub** 
jp:ituted in the plaice of a p^rt Qf the lin^e wa-^ 

ter. 
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t§f^ I'en^^red the qoniqpt 4^feftiye, as the 
quantity of oil was greater* The greatefl; 
quantity ufed was half that of the lime. 

Lint SEED oil ufed in thie faft^e. manner >» 
makes the mortar fatter, retards the dfyijig 
of it, and prevents it froni acquiripg in ^x\y^ 
time, ib great a degree of hardnefe as it pther-> 
wife would have. It was the mor? hurtful^ 
as the quantity of it was nearer to thiat p^' 
^alf the lime : in much fmaller quantities it} 
was lefs injurious than olive oil, FrorH my 
obfervations on this fubjeft, and qji the com- 
I politions called oil cements, I h^ve reafon toj 

[ conclude, that no oil oyght to be ufed in * 

' cement which confifta chiefly of fand lime nidi 

I water ; nor any water or watery liquor, in n 

cementious mixture, which ia moifteued aiid 
kneaded with oil chiefly^ 

As lintfeed oil whiting and fand make a ce^ 
ment which hardens to a great degree, in dry 
fituations^, and abides the weather 2^ langtim© 
before the hardened oil.relents^.it is not im- 
probable that lintfeed oil may meliorate mor- 
tar made with bad lime. But gdod lime and 
lintfeed qU feem to injure each other,. in form- 
K. 4 ing 



ing a kfnd t«f fapgnaccous eompound with the' 
Jiflfje water qf^ the mortar ' : - 

From the experienced effeds of faline, ge^ 
fetinous, and olaaginous liiattef, 1 infer that 
cowrdung, which I have not tried, would imrf 
pm good mprtar. It makes th? eomnioiv 
mortar fatter, and in that refpedl n^ore con- 
venient for pai-geting the interior furface of 
chimney ffues: it feems likewife to prevents 
the parget made with bad lime, from dryingi 
fo quickly and from chacking fo pinch ^as it 
otherwife wotild do ; the fibrous part of the 
dun^ being capable of contributing largely to 
this latter ef&6t. On thefe grounds it may 
be ufeful in bad mortar thus applied, whether- 
it incfeafes the hardnefs of it or not ; :akhq^ 
it is likely to impair good rnortar, 

Powder of refin intimately blended witl^ 
inortar by grinding it with a part of the lipie 
and lime water, w^s hurtful according to the 
quantity of it ; the greateft quantity tried bev 
h)g one- fourth of tliat of the lim^, 

Before I knew the event of thefe experi* 
jpent? J «iadi(5 aja inciuilation on a wall front-. 
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jingthe ibutfi^ but fhade4 from the futt after 
mid-day, with a qement compofed of (even 
parts of my mixed fand, one of the beft ftone ' 
lime, and the necefikry quantity of limie wa^ 
ter. As foon as the incruftation was dry, 
which happened in four days, I painted one^ 
third of it with |intfeeddil prepatejl for paia^ 
lers ufe, anotherthird with white lead. painty 
and the remainder was feparated from thei^. 
^y a channel cut between them. 

After fourteen months the laft- mentioned 
portion was very hard near the ftirface, and 
the induration extended deeply in the mafs of 
it, though not in fo great a degree of perfec-* 
rioii as that of the furface : The painted por- 
tions were alfo very hard at the furface, but 
internally naxicH weaker than the other, 

Fkom my obfervations of thefe fpecimenS| 
iand of divers incruftations in this city, which 
being made of bad calcareouscement,have beea 
painted and fanded, in order to fill the cracks 
and fence them fronii the weather ; I have 

Jiad fufficientreafpn to conclude, that an incru- 
^ation^ made as good as it may be with lime and 
fand and lime water, is npt l?ettere4 by paint- 
ing 
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fpgitzs fooh as it dries; that this covering 
uetards the induration of it^ by cutting off its 
comimunication with the air ; that it there- 
fere renders it liable to be irreparably in-? 
jw^d in wet weather, wherever the wafceu 
can get behind the paint ; and that if paiiit 
or oil ought ever to be applied on fuch 
|Jw;co, it ought not to be ufcd in lofe that* 
a year, after the incriaftation i&rnade : I like- 
wife found that the painting and fanding o£ 
the common defedlive incruftations, contrl'* 
I^Htes very little. to their duration, although 
it harden? them at the furfece ; for it doe^ 
iipt effedually prevent them from cracking i 
^nd it avails very little to paint the cracked 
ftucco. again ; becaufe cracked ftucqo is al* 
ways hollow,, as the workmen f^rr^ it ; that 
is, it parts from the wall ifv th« parts conti- 
guous to the cracks, founds hollow on being 
ftruckwith ther knuckle, and falls off iq; a 
few year?, if it be fo thick and large in ex- 
tent aa to break the adhering portions by its 
weight, • 
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SECTION XVIII. 

Experiments Jhewmg the Effect of Sulphur^ m% 
traduced by different Methods^ in Mortar ^ 

IN my firft trials of fulphur, it feemed toba 
ufeful ; and this, led me to try it in la 
many different ways, and in fo many mix** 
ture$ of lime and fands, and of thefe with 
^Int powder and divers other fubftances, as 
wonld render the recital of all my obferva* 
tions on the effects of it inconfiftent with the 
plan of this eflay ; I mtift therefore content 
myielf with communicating thof^ which I 
td)iak moftniefol^/in flicb terms as may give 
^tuQ intimation of the manner in which the 
ipxperiments WOTc. made^ 

, When the livigated powder of fulphiir wa$ 
mixed with mortar already made of good ma- 
terials and did not exceed one-thirty- fecond 
part of the mals, it feemed to improve it, 
m the firft and fecond months and fbmetimes 
during a longer tim^ of comparifon with^ 

mortal^ 
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mortar made of all the fame materials^ cx^* 
cept fulphur, in fimilar proportions : But in 
ten or tiydve rabiaths the iulphiir was found 
injurious, and the more lb, as it exceeded the 
foregoing, proportion. The moft hurtful ef- 
ftft of it was, its di(pofing the iportar to re-» 
lent in long continued rains, and grow quite- 
friable after a few alternations of freezing^and 
tliawing. It had the fame effedl in mortar 
containing feveral of the ingredients already 
named and of thofe henpafter to be mentioned. 

. When the fulphur was naixcd with freflv 
powdered lime; and thefe wei'c ground brilkn 
ly with lime water, a calc^eous lii^cr of ful^ 
phur was formed, propoirtionatc t6 the quan^ 
tjty of fulphur ufed ; and the mortar mad«. 
with thi3 mixture and fand, or with this an4 
fend and other ingredients, was worle thaa 
mortar containing an equal quantity of thti 
fulphur mixed in it in the fornier method, 

T^E tranlparent liquor called liquid cal^ 
(jareous liver of fulphur, which qonfifts of 
f\*lphur diflblved in water by the inter.- 
vention of lime, being ufed inftead . of 
water in making mortay with fand and 
lime in auy proportions, was found more in- 

jurioQS 
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Jurious than three times this quantity of unr 
diffolved fulphur was, in the ifirft^mcntioned 
method of ufmg it : and this liquor hsld the 
like efFe<St in mixtures of mortar with divers 
Qther ingredients* Whence I infer that ful- 
phureous mineral waters ought not to be ufed 
in mortar* 

If the plan of thefe experiments had not 
comprehended the noxious as well as the ufc- 
ful ingredients, and I had not refolved to 
diftruft every theory, I might have prog- 
nofticated the event of thefe mixtures, in 
confequence of my certain knowledge of the 
operation of fulphur lime and air on each 
other. 

Whkn fulphur and lime are moiftened 
with water, and expofed to air, the acid of 
fulphur being attra<3:ed by the lime, whilft 
the phlogiilon of the fulphur is attra(fied by 
the air, a decompofition of the fulphur takes 
plaoe, and new compounds are formed* The 
acid and lime gradually form felenite or gyp-* 
fum, whilft the air combined with the phlo- 
-gifton is wafted away. Therefore lime, by fe 
much of it as is thus expended in forming 

jypfum. 
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gypfuni, IS not ouly unable to a£t'as a du-^ 
raWe cement of the grains of faiid, but i» 
capable, according to the experiments of the 
fixteenth ikStioUy of counteraSiog the ce- 
menting powers of the refickary part of if> 
when the mafs of iliiphurated cement is ex- 
pofed to the weather. 

Tflfi pleafing warm -colour which fulphuf 
induces in calcareous ilucco, whilft it is. 
frefti, and the promiiing appearances of fuch 
an incruftation in the firft year, have, if I am 
rightly informed, already mifled an artift to. 
apply it freely at his own rifque. I wilh thefp 
obfervations may ferve to undeceive hirii. .. 

About this time, the imitation of coloured 
ftohes, by incruftations^ became an objed-of 
my attention; and fome of the fubfequent 
experiments were made with a view to it, z^ 
well as to the purpolSes already exprcfled* . 
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SECTION XIX. 

Experiments Jhewing the Effe^s of Crude Anti^ 
mony^ Regulus of Antimony^ Lead Matty 
Potter s Orey White Lead^ Arfenic^ X)rpi^ 
mentj Martial Pyrites and flaked Mundic^ in 
Mortar. 

CKUDE antimony reduced to an impal- 
pable powder and then ground with 
the lime and lime water, operated in mortar 
as fulphur does when it is ufed in the fame 
manner and in the quantity which the crude 
antimony contains. The antimonial powder 
moreover induced a difagreeable blueifli co- 
lour, which in a- little time became brown 
and afterwards yellowilh. 

When the powder of antimony wa$ mixed 
iu ' the mortsCr after it was made it was h&> 
injurious. 

-Rbgulus of antimony tried in the izme 
way, feeoied to Have no other effbd than 

that 
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that which is produced by the admixture 6/ 
flint powder* or other fine powders of hard 
bodies* / ^ 

Powdered lead matt and potter*s ore of 
lead afted like crude antimony^ but mor5 
flowly arid wbakly iii equal quantities of 
th^rii^ 

WmTE lead was found exceedingly in^ju-. 
rious/ which I expefted ; for I had long be- 
fore difdoV^ered a«d {hewn in tny piiblife 
Cdiitfes of Chymiftfy, that a great part of 
-white lead is acidulous gas, into which vine- 
gar is cafily coliv6rtible in the {)rocefs fof 
making white lead and in mstny others ; and' 
1 forefaw that the lime, aftrafting this mat-^ 
far, would be reduced to the condition of 
whiting ill the titac of making the ftiixtufe^ 
and that the mortar would cdnfequently b^ 
defeftive. The white lead, as faft as its aci- 
dulous gas is drawh frotn it ' by the little,' be- 
comes yellow like mafiicot. As white leatl 
improves the oil cements, thefe experiments 
(hew that there is no true analogy between 
t^kt calcareous wjater cements and th«fe 
which are caUed:Qil-cerne»t$.r,.. ; .^ 

Arsekic 
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• Arsenic operated in mortar likd the nfeutral 
falts ; and orpiment produced the injurious 
effects experienced of fulphur ?nd of arfenic j 
which cfFeds were greateft when the orpi- 
raent was ground with the unfl^ked lime and 
lime waten Orpiment imparted a dark 
brown colour at firft, which foon became 
yellow. and afterwards difappeared* 

The martial pyrites called mundic, heated 
t0 red^efsj and thtn flaked by moiftening it 
with water whilft it was hot, operated like 
crude antimony, with this difference only^ 
that a greater quantity of it was required to 
produce the fame effeft ; for this reafon, as I 
conceive it, that the quantity of fulphur la 
martial. pyrites islefs: th^nin crude antinoony, 
and being held in it by a more forcible at- 
traction, is prevented from aiVing fo freely on 
the lime of the mortar. The colour induced 
by the flaked mundic was at firft blueifh and 
afterwards turned to that Of iron ruft. 

The itiundicj which was that of Wiel-' 
Virgin in Cornwall, ufed in its native ftate^ 
in mortar, kept me in fufpence upwards 
of twelve months. It was tried not only on 

L tiles^ 



tiks, but in large incruftations on walls, be^ 
cauie it promi^d great advantages at fixfk^ 
When the quantity of it did not exceed one 
twqnty-lburth of that of the mortar, it mani* 
feftty increafed the induration of the cement 
durii>g the firft nine months ; but after fourteen 
Of fifteen months it difpofedthe incruftation to 
relent, the nK>re as it was oftener wetted or as 
the place was damp, and from being exceed* 
ingly hard, to become penetrable to ^ pointed 
inftniment puflied only with the hand, and 
as brittle as chatkftone. The colour and 
changes of colour of the mortar containing 
imtive mundk, are fimilar to thofe produced 
l)y the flaked mundic, and are not at all plea- 
ikig to the eye. The efFeds of much fmalier 
cjuantitles of this matter in mortar do not yet 
appear lb clearly ; hut there is no reafon to 
prefume that they will be of the fame kind^ 
though in a fmalier degree. 

These and the preceding experiments in- 
dicate that all bodies foluble in water, not ex- 
cepting arfenic, and all thofe which are capa- 
ble of eiftorefcing, or of being decompofed by 
air and moifture, are hurtful in mortar ; and 
they teach us to avoid thofe kinds of gravel 

which 
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which ire inipregnatcd with pyHtotls fliattcf| 
whether it be arfenical^ metallic, aluminous^ 
or calcareous. The tSt(X$ 6f regulus of an»* 
timony, aild the fpeedy decay o( the cheapen 
hiekals, hpwever perfectly they are defulphu- 
rated, give ftroiig grounds for prefuming that 
ealcafeous Cemeiiti, which are to be expofed 
fully to the Weather, are more likely to be 
injured than improved by metallic matter in* 
troduced in any fi}rm« 
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SECTION XX. 

Experiments Jbewing the EffeSs of Iron Scales^ 
. wajbed Cokothar^ native Red Ochres^ Tellow 
, Ochres J Umber ^ Powder of coloured Fluor ^ 
. coloured Mica, Smalt j and other coloured Bo-- 
dies J in Mrtar. Advices concerning coloured 
Incru/lationSy Infide-StuccOy and damp Walls. 

IRON fcales from a fmith's forge, which 
confift of iron femi- calcined^ and are 
thought by many artlfts to improve mortar, 
were tried eighteen months ago, by grinding 
them to a fine powder, and mixing this in 
mortar, to half the quantity of the lime, and 
in fmaller proportions. 

The larger quantities, in the courfe of 
twelve or fourteen months, appeared to be 
hurtful ; and by.thefe I judge of the fmallefl:, 
which do not yet appear to produce any re- 
markable efFeft in incruftatioils made in dry 
fituations, except the rufty colour which 
they induce. But in thofe which reached 
. — near 



near the ground, and in others made on tiles 
which were laid flat on the ground in ia (ha- 
ded damp corner, in both of which inftanws 
the incruftarions were always moift, the iron 
powder feemed to render the cement a little 
harder than it coAild other wife become in 
the fame time in. fuch circumftances, andk 
certainly made it clofer in the gi'ain. 

By thefe experiments I am inclined to think 
that iron powder, which, .during its cou- 
verfion to nift, imbibes a great deal of aci* 
dulous gas and air, and fwells confiderably, 
may be ufed with fuccefs, where the proper 
induration of good mortar is prevented by 
continual moifture, and the chief purpofe 
of the cement is, to exclude water perfedlly, 
by the clofenefs of its texture, to which the 
fwelling of the iron contributes not a little. 
If it is capable of producing any defireable 
efFedks in cements otherwife circumftanced, 
thefe are to be expefted only when the quan- 
tity of it does not exceed one-eighth of that 
of the lime, or qne-fiftieth of that of the 
jaafs of mortar. 
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Wash£1> ic^olcdthar of iron, .ft$tiw Te4 
(Dthres, yellow ochre&, aftd limber, h^^tbe 
effefts of fmaller quantities of terrw, or of 
equal quantities of flint-povwicr, 

CoLOun]^ fluor^n4 mioac6ous ftoncs, C<h 
loured marble, fnjalt, and divers other co^ 
loured fubft^nces, which are infoluble iq wd^ 
ter, reduced to fine powder, induced their re-. 
fpe£live tints in the iijcruftatioos^ but a£ted 
like flint powder, 

Trom the experienced efffeds of coloured 
calces of iron, and of dii^^ers fulphurated and 
perifhable metallic powders, I learned that 
thefe ought not to be ufedin external incruf* 
tations ; iince they render them more d^fec« 
tive as they colour them deeply ; and 1 turne4 
my thoughts to the difcovery of fome othe^ 
expedient for inducing perxhanervt cdbuy 
without injuring the cemmt, 

I SOON found that this may be done, witl* 
regard to the lighter and pleafaoter tints, by 
the ufe of coloured fands, qr the cqarfe gritty 
forted powder of hard and durable coloured 
bodiest L^nn fand affords a white cemeiii^ 

which 
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-which is the better, as mare of the fineft 
part is fifted out of the fand. Thames fand 
makes a grey cement not unlike Portland 
ftone, and this. colour is agreeably varied 
by the u(e of grey bone-afh, of which we 
ihall preiently treat* 

. A Rica yellow tint is obtained by ufing 
the golden yellow fands, of which kind there 
is one near Croydon in Surrey ; and a fmall 
quantity of this fand mixed with Lynn iand, 
gives a warm white^ and with Thames fand^ 
an exa<9: refcmblance of the Bath ftone, 
Thefe are th^ moft eligible tints for the 
fronts of houfes« 

Until I had tried the gliftening fcaly 
talcs, I imagined they would ferve to impairc 
all other tints, as they may be had of any 
colour^ and are as durable as they are plea- 
fing to the eye : but they were fom^d t?cx 
weaken the adhefion of the cem^it to the 
wall^ and to make it fb rough and (hort, that 
it was almoft impofiible to form a fnK)otii 
compaft incruftation with it, unlefs the 
lime were ufed in exceffive quantity ; and in 
lh« courfe of eight or nine months it ap- 
L 4 pearcd 
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pearcd that the cements, in which they were 
/mixed in the quantity ncceffary to produce 
ftrong tints, were rendered fppngy, and 
greatly weakened by them, 

Scaly, gllftening mica, ftrcwed equably 
on an incruftation previoufly wetted with a 
thin mixture df lime water an<i lime, and 
gently comprefled to lay thj£ fcales flat, im- 
parts its colour with thfe fuUeft efFedt. In 
»this way coloured mica. may be ufed, where 
it is cheap, on external iucruftations, if the 
perfpedtive appearance of a building can be 
improved by different colours of any members 
of it: and this kind of colouring greatly exr* 
eels painting, in the fickle weather of our cli- 
mate, becaufe it lails yhfaded/ as long as the 
piicacepus cruft, 

To tinge a cement fufficiently for prof- 
pe£t or contraft, of any colour which is not 
found in land, fo that the incruftation fliall 
not he impaired, and that the colour (hall be 
ias durable as the cement ; I found nothing 
more advifeable than to ufe, in the place of 
thefand, or of a part of it, coloured glafles or 
coloured ftones of the hardeft kind, beaten to 

coarfo 
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coarfe powder^ the finer parts of which arc 
to be waflhed away, not merely becaufe they 
^are injurious to the cement, but becaufe I 
haveobferved that they contribute very little 
to the intended colour. 

The drying, in<3uration, and texture of in* 
cruftations made on Brick walls ai>d other ir* 
regular furfaces, are always fo far unequal as 
to exhibit vifible traces, which deform the 
work and cannot be effectually obliterated by 
any known method fo convenient as that of 
covering the firft coarfe incruftation, after it 
ha$ dried, with another coat which may be 
made finer and fmoother. Thus the expence 
pf fine grained fmooth or coloured flu ceo is 
rendered moderate ; becaufe the finer, or the 
colouring materials, may be referved for the 
exterior coat, which will laft for ages, if the 
cement be good ; as we Ihall fhew, when we 
come to confider the experienced duration of 
the beft calcareous cements. 

As the mouldings and paintings which are 
expended on the ibft ftucco now ufed, and 
which contribute fo much to the magnifi-^ 
t:ence of our apartments, can be equalled, in 

theii: 
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their prnamental effeds, by the double in- 
cruftations which I have defcribed, aiid great- 
ly exceeded by thefe laft in the hardnefs and 
duration of them, I do not doubt that 
plaifterers will adopt this improved method, 
when they find that it is confident with their 
own intereft, a$ well as with that of their 
iefiQpIoyers* 

I AM not fufficiently acquainted with their 
httfinefs to form a juft eftimate of this fub* 
jeS ; but I will fubmit to their oonlideratioa 
a few obfervations which would influence me 
very much . in the choice of ftuccq foy « 
houfe of minet 

The compofitions heretofore ufcd for ftuc* 
eoing within doors, are incapable of harden^ 
ing confiderably, and when they are laid on 
the naked walls, foon become tarniflied, un* 
fightly, and inconvenient, by the 4amp& 
which the workmen call fv^reating, an4 
which are, in my opinion, of two kinds j 
one I will call damp by tranfpiratioi^ the 
other damp by oondenfation. The damp by 
tranfpiration occurs^ when the principal wall* 
are ftucqoed before they haye dried,, or when 

the 
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the materials of them are lb fpongyas toim** 
bibe the rain, and the circulation of air with** 
in the houfe is not fufficient to waft away the 
pioifture which tranfudes from the wet wall 
into the ftucco ; and efpecially when the ex«^ 
halation of this mpifture from the ftucco, is 
impeded by the clofenefs of its texture ; for 
^11 fuch bodies retain moiilure the more for** 
cibly, as their pores ^e fmaUer, and as the 
air meets more difficulty in pervading them^ 
I fee no reafon to doubt that this inconve- 
Tiience would be obviated by making the in« 
<:ruftatioa of a texture fimilar to that of the 
materials on whiph it is laid ; and that the 
cement made with about feven parts of fand^ 
jpne pf lime, and the lime water, and im- 
proved, as wc*(haU teach hereafter, by the 
admixture of boiie-alh» would continue dry 
4n fuch dr^umftances, becaufe moiAure 
<juickiy exh»tes frpm i(> hy reafon of its tex- 
ture, 

Thib damp which ikizes incruftations, 
when the wails arc badly conftrufted, when 
the joints of the lacing bricks become hollow 
^j tjw: d?c»y gf the mortar, pr when the co- 

pii^gs 
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pings or gutters are defedlive, do not fall un-^^ 
der our confideration. 

The damp by condenlation appears moft on 
the fineft and clofeft incruftations, however 
perfect and old the walls may be. To find the 
proximate caufe of it, we need only to advert 
to that which gathers on glafs windows, whilft 
the wainfqoat and other fpongy bodies, which 
ferve to inclofc the fame rooms,remain dry; or 
to the moifture which gathers on walls faced 
with the clofer kinds of ornamental marble, in 
fumptuous buildings,at the fame time whisn the 
walls and incruftations, which are contiguous to 
them, and are of a coarfe texture, are quite dry* 
In thefe and other jnftanc^s we may perceive, 
that the damp is owing to the clofcnefs of thefe 
bodies, and that a ftuqco pervious in a certain 
degree to air and moifture, will be free froni 
it, as well as from the other lately mentioned. 

The plaifterers, finding their ftucco^ 
which is as fine and clofe as they can make 
it, liable to contraft thefe danaps, efpecially 
on the principal walls of houfes, cafe them 
with lath-work, on which the incruftatioti 
is laid diftant from the wall. In this way 

they 
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they obviate the appearance of damp ; but 
they at the fame time contradt the rooms, 
and narrow paflages and flaircafes fenfibly, 
at a great eipence. This is enhanced by the 
repeated plaiftering neceffary to fill the flender 
cracks which dis6gure their incruftation 
during the drying, and by the oiling or paint- 
ing which is finally required to hide this de- 
fe<3: compleatly, if not to give colour. Thus 
the work becomes coftly, although the 
pkifterers profit is moderate* 

On thefe confide rations Tam inclined to 
the opinion that it will be found as advan- 
tageous to the plaifterer, as to his employer, 
to prefer our cement before any other, for 
internal incruftations ; cfpecially when no 
other colour is required, befides thofe which 
may be imparted by coloured fand, or mate- 
rials which do not greatly exceed if in price. 
I wouldnot interfere with the workman, ia 
forming nix exaft comparative eftimate of the 
expences, if I could doit ; but I will venture 
to aflirm that an incruftation made as I have 
defcribed, or in the improved method here- 
after to be {hewn, will be found ultimately 
cheaper than any other yet difcovcred, for 
... the 
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the following teafons. It will be liiofe <Ju« 
rable by reafoii of its greater bardnefs ; if 
will retain its colour longer unfaded, becaiife 
fbe colouring materials do not tarnifti of 
perifli like paint j it will preferve the Iharp* 
nefs of the mouldings and the elegance of its 
appearance longer^ becaufe it will liot require 
the frequent painting which Iboa blunts the 
figures and mouldings of ordinary itucto j 
It may be finifhed with lefs labour, becaufe 
it is not apt to crack in thefe circumjftances'ji 
znd does not need many coats and repeated 
plaiftering ; and as it is not likely to con- 
traft damp, it will fave all the expences ancJ 
inconveniences of lath-work, whether it he 
laid on partitions or on principal walls, pro^ 
vided the cement applied on the former bei 
fiot made of the fineft materials* 

If a polifhed and Vehite furface of our ftuc- 
eo (hould be required, it. ought to confift of 
two layers : the firft of which is to be coarfe 
and capable of hardening to the higheft de-» 
gree ; the Second is to confift of flint pow- 
der lime and lime water, and is to laid on ver/' 
thin, and finely fmoothed. To give a rich 
colour together with a fmooth furface, to our 

beil 
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beft incruftation, we muft u(c, in the place 
offline powder, for the finiflbing coat, the 
coloured powder of faiids, or ftones, or glafles ; 
and introduce as much of the colouring ia- 
gredients ufed in painting, as will be fuffi- 
cient to give the required appearance, avoid- 
ing thofe which are Q)oiled by lime. 

To my eye, the warm white, or coloured 
fiucco which is not quite fmooth, is the plea- 
fanteft : but thofe who prefer the fmootheft, 
may have it made at a moderate expence, ia 
this laft-mentioned method, in which the 
ufeful and folid part of it, contributes to the * 
fupport and duration of the weaker orna- 
mental coat, which thus circumftanced is 
likely to preferve its beauty for a very long 
time, although it might, in the weather, 
be impaied in three or four years. 
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SECTION XXI. 

Experiments Jbewing the 'E^'etls of common Wood- 
qfbeSy calcined or purer JVood-aJheSj ellxated 
jijbesj Charcoal Powder^ Sea Coal-afbeSy 
and .powdered Coak^ In Mortar ; and Obfer^ 
vat Ions on^ their Integrant P arts j and the Dif- 
ferences between them and the Powders of other' 
Bodies. 

THE 2lhes of wood and fea-coal arc' 
fjequeutly mixed with mortar, or ufed 
iu the place of faiid, in laying tiled floors, 
and -even in external incruftations. Some 
workmen fay tfeiey, are ufed in the former 
cafe to fave fand ; others that they ferve to^ 
refift moifture ; arid thofe who feem to be the 
beft informed affirm, that they haften the 
drying and induration, and prevent tbexrack-» 
ing of mortar which is laid very thick in 
order to fill the depreffions of walls which 
, are to be ftuccoed ; and that they are ufed in 
finer incruftations with the fole view of pre- 
venting cracks. 

' The 
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The afhes of the fame kind of wood dif-^ 
far, according to the circumftanCes in which 
they afe fof med, evren upon the fame hearth, 
not only in Colour, but in other particulars 
known to chemifts, which I ihall attend to 
prefently* As the fepariition of thefe diiFe- 
rent forts of afhes is not prafticable at a mo* 
derate expence, and never is attempted by 
the workmen, I contented myfelf, at firft, 
with procuring the afhes of cleft ^ pollards 
burned on a hearth, and with fifting the 
whole quantity of them, to free the fi^er 
part from the fragments and coarfe powder, 
of charred wood which formed a great part of 
the bulk of them. The fifted afhes were grey 
inclining to brown, firongly alkaline to the 
tafle, and viewed through a convex lens, were 
found to contain a confiderable quantity of 
fine charcoal-powder, which I eflimated at 
one fixth or more of their bulk. 

To learn the effeA of the purer afhes, or 
of the more dephlogiflicated earthy and fa* 
line parts feparated from the charcoal, I took 
about a gallon of the fifted afhes, and burn- 
ed them on a tefl in a reverberatory furnace, 
with a heat not exceeding that of a culinary 

M ' fire 
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I MUST not omit this opportanity of ob* 
ierving that calcined wood aihes, and cTcn 
the fifted freih wood afhes^ improve plaifier 
of Paris in hardnefs, to a very g^^cat d^ree, 
if it be kept in a dry place. The fclodon 
of this phsenomenon is not difficult. 

ASY perfbn who intends to repeat my cx- 
perimen tson calcined wood-aihes, ought to take 
care that they be not calcined with a ftroij- 
ger heat than I defcribed ; for if he exceeds 
this, the a(he5, after the figns of their com- 
buftion have cealed, will fmoak ftrongly, a 
part of the faline matter being fublimed in 
the m^ap time ; and the remaining earthy 
andi^line portion will form a light grey or 
browft femivitrified gritty powder, or will 
concrete into lumps. This matter will then 
be found infipid and equivalent to fand, in 
mortar, as I have experienced ; for it differs 
as much from wood afhes, as the powder of 
potters-ftone-ware differs from the raw clay. 

Whilst I was employed in thefe expert- ' 

ments, the following thoughts occurred to 
me. The alhes ufed by the workmen, bemg 
pafled through a coarfe fieve, may confift 

for 
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for the greater* part, of charcoal, which af- 
terwards is beaten finer in making the rhor- 
tar : The afhes ufed by builders whofe<iura-^ 
ble works authorized this practice, might 
have been the refiife of manufaftories of pot- 
afti, in which the faline matter is always 
CfUrefuUy extracted from them ; aftd charcoal 
powder or elixated alhes may greatly improve 
mortar, altho' aflies finely fifted and replete 
with falts (hould impair it, I therefore boiled 
my calcined wood-a(hes in water, and repeated 
this operation twice in frefti waiter; knowing 
that one elixation does not free the afties per- 
feftly from the faline matter: I then dried 
the infipid aflies thoroughly, and ufed them 
in this ftate, under the name of elixated 
wood-aflies. At the fame time I provided 
charcoal powder fifted thro* the fame fieve 
which I ufed for the wood-a(hes* 

After a great number of experiments 
made in the ufual manner with the elixated 
aflies, I found that they rendered the mor- 
tar fpongy, difpofed it to dry and harden 
quickly, and prevented it from cracking, 
more effeftually than the like additional quan- 
tity of fand would do it. They did not ^p* 
M 3 ' pear 
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pear to Induce the defefts attending falino 
bodies in mortar ; they only made it weaker, 
as the quantity of the elixated aflies was 
greater relatively to that of the fand or Jime, 
This weaknefs, however, was not fuch as 
the unwafhed aihes or faline bodies produce, 
but rather of the kind which I pointed oilt 
in thofe parts of the foregoing feftioni, 
wherein I endeavoured to fliew, that cemen-^ 
tiotis mafles refift edged inftrun^ents or any 
force tending to bi?eak them, the more weak- 
ly, as they contain more of the fofter and 
brittler calcareous matter, or as fofter grains 
are fubftituted for a p^rt of the fand, 

In every comparifon/of the ipecin^en^ con- 
taining unwafhed wood-alhes, with thofe in 
which the elixated afhes were mixed in thte 
fanie proportions, it clearly appeared that 
the latter are to be preferred j an4 that nei-r 
ther of them ought ever to exceed half thq 
quantity of lime, in gop4 mqrtar. 

As flint powder and other earthy powr 
ders were found to difpofe mortar to crack, 
I could not conceive how the elixated wood- 
alhes opcr^te^ fq efiedu^lly \n preventing 

this 
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this defeft, until I examined them attentive- 
ly, and found them to differ from the other 
powders in two particulars. Elixated wood-^ 
alhes contain very little powder of the finer 
kind ; they feel gritty between the fingers, 
and appear to confift of ragged fpongy fmiall 
grains compteflible to a confiderable degree - 
in the heap. How a powder thus condition* 
ed prevents the cracking of mortar or other- 
wife improves it, I (hall attempt to explain, 
after ftating other fads upon which my no* 
tiolis of this fubjeft are founded; 

" Charcoal powder had the fame effefts as 
elixated wood* aihes, with thefe difierences on- 
ly, that the cements containing the larger 
qUaiititWs of charcoal powder could be more 
eafily eut, and were of a bluer colour, than 
thofe containing the like quantities of elixated 
wood alhes. The powder which I ufed was 
fijfted like the afhes ; and, viewed through a 
rhicrofcope, anfwered to the defcriptipu lately 
given of ejixated aihes, 

The Ikreened alhes of Newcaftle coal con- 
lift chiefly of charred coal or coak, and as they 
contain very little faline matter, are infiprd. 
M 4 When 



[ 168 ] 

When I reduced them to powder, and- paf- 
fed them thro' the fieve, they anfwered to 
the dcfcription given of elixated wood afhes, 
and produced nearly the fame efFefts in mor- 
tar. They did not weaken it fo much as 
charcoal powder had done ; which I impute 
to the greater hardnefs of the £maU grains 
of coak. 

In all thele comparifons, it is to be under-- 
flood that I made them at the fame periods 
of the induration of the feveral fpecimens. 

From thefe experiments I conclude that, 
where a choice can be made, thefb powders 
are eligible in this order ; elixated wood a^es 
freed from the fineft powder in waljiipg, 
firft; powdered coak or fea coal cinders, 
next; charcoal powder .next; -^rough wood 
afhes powdered, laft : But well burned fine 
unwafhed wood-afhes ought not to be yfed at 
all in external ceraentious work or incruftation. 

The laft of thefe gives a difagreeable grey 
or dulky colour to the cement'; and the 
others, a blueilh or flate colour, ftill more 
pfFcnfive to the eye ; for which reafpn they 

are 
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are unfit for any work that is not hid from 
the view. 

As my reader may not fully underftand 
what I briefly mentioned concerning the 
feuiible difference between thefe laft examin* 
ed powders, and others noticed in the pre* 
ceding feftions, I will thus exemplify my 
notions. Wood confifts of watery and vola- 
tile parts which are expelled by heat, and 
of fixed parts which conftitute the charcoal : 
and charred wood, which greedily imbibes 
air or water in great quantity, may be con- 
sidered as an aflemblage of capillary tubes of 
divers figures and fizes. So we may likewiie 
confider the fragments of charcoal, and each 
vifible grain of its powden But as the mcft 
brittle bodies are flexible when they are made 
fuflSciently thiq, the charcoal powder is an 
aflemblage of fmall flexible or compreflible 
tubulated bodies. 

As the charcoal which is the more fixed 
and folid bafis of wood, is fpongy after the 
juices are expelled in charring; fo the aflies 
of chaired wood are, after the elixation, an 
aflemblage of fpongy or tubulated grains but 

of 
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of which the phlogiftic matter has efcaped dur- 
ing the combuftion : and the texture of theffe 
-grains differs from that of the grains of fine 
fand or of flint powder, in the fame manner, 
if not in the fame degree, as the texture of 
iponge differs from that of a. flint. And we 
may conceive the unwafhed wood afties, as a 
heap of fmall fpongy bodies clogged with al- 
kaline fait, 

UfON the fame grounds, the relation of 
coak or fea-coal-cinders to the raw coal, is 
analogous to that which charcoal bears to 
wood, or fpongy pumice flone to porphyry ; 
and transferring thefe obfervations to bones, 
and confidering the fmaller veflels and finer, 
texture of them than of wood, we (hall find 
the powder of charred bones to confifl of tu- 
bulated or fpongy bodies like thofe of char-* 
coal powder, but pervious by flenderer and 
Jiarder tubes; and bone-a0i,'^ which is the 
gritty powder of well burnt bones, to have 
the fame relation to the charred bones, \vhich 
f lixated ivood-aihes have to charcoal powder. 

Thus I have thought of thefe fubftances, 
after having obferved what happens to them 

in 



in the preparation ; exartiined them by a mi-^ 
crofcope ; e^i^perienced their efFcfts to be fo 
different from thofe of fineft fand, or pow*^ 
dcrcd ftones, .in mortar ; and finally difcover-t 
ed, by rejgi^atcd experiments, the detail of 
which is not now neceflary, that femivitri- 
fication, which deftroys the fpongy texture, 
and levijgation, which breaks thefe ipongy 
grains down to the particles of which they 
are conftrufted, render^ charcoal powder, 
Wood-alhes, powdered fea-^coal-cinders, and 
others of the like kind, incapable of ailing 
in the manner de(cribed| in calcareous ce-^ 
mcnts. 

All thefe things being confidered, I im- 
pute the effefls of thefe aflies, or powders, 
to the tubulated ftrudlure and compreffibility 
of the integrant parts of them ; and in the 
next feftion I fliall offer all that I have at- 
tempted further, theoretically or praftically, 
relative to this fubjcft. 
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SECTION XXII. 



'Experiments. Jhewing the Effe^s of whits ani 
grey Bone ajhesj and the Powder of Charred 
Bones ; and 'Theory of the Agency of ihefe In 
. the beji calcareous Cements^ . 



LONG before I had tried all the powders 
heretofpre mentioned, I ufed; bone-ath 
in many experiments, and faw the effeiSls qf 
it in mortar. For the fake of brevity and 
perfpjcuity I referved the relation of them 
for this feftion : and . in order to (hew more 
clearly the analogy ,in texture, between 
bone-afhes an4 the powders lately men- 1 

tiohed, and to fuggeft the means of pro- 
curing them in any part oi this country, 
I will premife a (ketch of the moft pro- 
fitable procefTes by which they are prepared, 
at a moderate price not much exceeding that 
of good (lone-lime. 
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The bones colkfted in great cities, arc 
broken to fmall fragments in a mill, and boil-^ 
ed in water, in order to extricate and fave the 
oil of them. They are then put into a large 
iron ftill, through an aperture which is flop- 
ped up clofely after the charge is made. The 
ftill, which opens into an apparatus of re- 
frigeratory veffels, is heated gradually to red- 
nefs, until all the volatile alkali, commonly 
called fpirit and fait of hartfliorn, is expellea 
from them, together with cmpyreumatifc 
oil, water, and certain elaftic invifible fluids ; 
The alkali, being the only valuable article 
amongft thefe, is /etained and condenfed in 
the refrigeratory tubes and veflels with all 
poflible care, whilft the elaftic fluids, left 
they (hould burft the veflels, are •fuffered to ^ 
efcape in places diftant from the fire or the 
flame of candles, becaufe they are combufti- 
ble, and if they catch fire whilft air remains 
m the condenfing veflels, explode like gun- 
powder. 

* The bones thus heated without being ex- 
pofed to the air, are charred to blacknefs,. 
but ftill remain combuftible. When they 
are required in this ftate, the iron ftill is 
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kept clofed until they cool^ and then the 
blackeft of them are ground to fine powder, 
which is ufed as a fubftitute for ivory black, 
which; is prepared in the fame way frotti, 
ivory. The coarfer powder of thefe, is what 
I underftand by powder of charred bones. 
But when this is not the manufafturer^s de* 
iign^ the door of the iron ftill is opened 
whilft it is hot, and the charred bones, which 
ilame and burn when they nxeet the air, are 
thrown into a kind of kiln, at the bottom 
of which the air can freely enter, and main* 

''' tain the combuftion, unt^i the bones ar^^ 
burned to whitenefs,- fer the grater part. 
The white fragments arg^idted, ^nd rathec 
bruifed, than ground, to a gritty powder, 

\hy a millftgne which rolls on them vertical* 
ly over an inclined circular plane. This 
powder polled . thro' a fieve is called bone- 
aih^s, which are much ufed in metallurgy, 
and fitter for our purpof?s in incruftations, 
than the powder of burned bones ground as 
pigments are. The fragments which have 
not been thoroughly bunted ift the kiln, fijrm 
a dark grey powder; and mixtures of the 
white and grey burned bones afibrd bone* 
aiOies of tta^ligJltel: grey colours.. 

The 
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The whole quality of bone-aflies^ which 
b to be ufed in the fame incruftation, ought 
to be well mixed ; for it is impoffible to fort 
the well burned or the grey bones fo accu* 
irately as to fecure an unity of colour in the; 
j^arcels of powder which are fucceffively pre- 
j>ared» and a very fmall variation of colour 
win be feen in the incruftation. 

-ly Mk. John Oliver of Hoxtori, who is a ve- 
y^ ry liberal and ingenious artift, prepares bone- 
aihes, judiciouHy adapted to the pu^po&$ 
which I am now to mentipn,, at a very low 
price, as well as the cbarfer kind which is 
ufed in making cupels and tefts by the refin- 
ers. I (hall diftinguilh the former by the 
name of forted bone-a(he& ; becaufe they arc 
freed from the fineft and the coarfeft parts of 
the latter. 

As I knew that bone-aflies confift chiefl|; 
of calcareous earth, and may be reduced to 
lime, by diflblving them in acids, precipitat- 
ing the folution by alkalies, wa(hing the pre- 
cfipitate perfe<9:Iy and then burning it, I tried 
them with fand in different ways, in order ta 
learn how far they refemble linae in their ce- 
menting 



liienting'pfoperties ; and found that the lort-' 
cd bone-afties had very little effed: ; but that 
compofitions made with the levigated powder' 
of thefe and fand and water, were nearly e^* 
^ual in hardnefs to thofe made with whiting 
and fand kneaded with water in the fame 
proportions^ and were not fb liable to crack- 
Hence I , inferred that bone-afhes, of which 
five-fixths are calcareous earth, could ||ot im- 
prove mortar by any augmentation of the ce- 
menting powers of the linle, although they 
might be ufeful in other relpedts, and that 
they could not fupply the defed of lime ia 
quantity or quality. 

In the courfe of two yeaf s I made fo ma- 
ny experiments with bone-a(hcs mixed in 
mortar compofed of lime fand and lime wa- 
ter, in different proportions, and of thefe with 
diyers other ingredients, that I may venture 
tt) fay I attained a thorough knowledge pf 
their effefts, and need not hefitate to relate ^ 
them in the ftyle of precept. 

The forted bone-afhes, mixed with mortar 
in any quantity not exceeding that of the 
|ime, difpofe the cement to fet fpeedily with-^ 

out 
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out cr&ckiiig ; and efffedually fecure it fronl 
cf atking, if it does not contain lime in lu- 
perfluous quantity ; They likewife give a 
texture which is the more fpongy as the 
quantity of the bone-afties is greater ; and 
they accelerate the induration of it through 
the whole mafs* 

The forted bone-aihes encreafe the plafti- 
city of freflx mortar which is made with the 
fmaller quantities of lime in order to fecure 
the work from fiffures ; and thus they are> 
ufeful in a triple view, in external incruftati- 
ons ; by facilitating the operation of plaif* 
tering, by preventing cracks, and by bring- 
ing the incruftation quickly to a ftate in 
which it is not eafily injured by unexpeded- 
rain. 

When the forted bone-aflies exceed the 
lime in quantity^ they fenfibly injure the ce- 
ment, by rendering it weaker. How thefe 
aflies, which are not equivalent to fand in 
the hardnefs of their grains, nor to lime in 
their cementing powers, operate to weaken 
the cement, may eafily be conceived, in con- 

N fequence 



fcquence of the bbfetvations made m the 
nintfa^ twelfth And thirteenth ledions. 

tVHfeiC the forted bone*a(hes are mixed in 
mortar in the quantity of one-fourth of the 
lime, they improve the plafticity, if the 
mortar ht (hort, and they produce the defire- 
able effects above mentioned in a fenfible de- 
gree, without weakening the cement in the 
fame proportion* As a fmaller quantity of 
thetn feems to be ufelefa, and a greater 
quantity than that of the lime injurious, the 
following rules are to be obferved* 

When the artlft is more folicitous to fe- 
cure an incruftation fromi the effefts of hot 
weather, to finifli it quickly, to hide the traces 
of brick-work which are apt to appear thro' 
it, and to guard it agaiuft rain, than to make 
it hard and durable in the higheft degree ; 
he is to ufe as much of forted bone-afhes as 
of lime : When the feafon, expofure, and 
other circumftances permit him to attend 
folely to the true excellence and duration of 
his work, he is to ufe, in our befl calcareous 
cement, only one part of the forted bone- 
alhes for every four parts of lime. By thefe 

rules- 



ifuies he may chyfe intqrme^i^te quantities 
adapted to hi$ purpofqs* 

Th^ coarfer bone-aihes Dfed in makipg 
cupels and tefts, do Dot go fo far, fo the 
workmen exprefs themfelves, or do not ope- 
rate fo efFeftually, as the farted afhes, in 
equal quantities df them by weight \ and 
fiper or levigated bone-aflies are rather inju^ 
rious than ufeful in the coarfer cement$* 
j 

! The black powder of charred bones, and 

! grey bone-a(hes have ;iearly the fame effed? 

; as fqrted bone-a(hes have, when the powder 

I of them is forted in the fame manner ; ex- 

; cepting what relates to colour. 

^ These obfervations on bone-afhes were 

made before the expiration of 1777, on 
fpecimens of mortar laid on tiles, and fmall 
pieces of incruftation made on the walls of 
my hojufe and on the fence-walls behind it : 

i But they were not thoroughly confirmed un- 

til a comparifon was made between large in- 
cruftations laid in trying afpe<3:s and con- 
taining bone-alhes, with thofe made clqfe by 
them of my beft mqrtar, in the year 1778 j 
N 2 when 
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when I difcovered the difficulty exprefled 
in the fourteenth feftion, of making extent- 
five incruftations, in certain circumftances, 
lb free from defefls, as the fmaller ones 
were which I had made at home. 

In this laft mentioned year I was favoured 
by Mr. James Wyatt of Queen-Ann-ftreet 
Cavendifli-lquare, the celebrated architeft of 
the Pantheon, and by his brother Samuel 
Wyatt of Bervvick-flreet, who is a very emi- 
nent builder, with the beft opportunities of 
making thefe companions : for they ordered 
the plaifterers employed under them to ap- 
ply my compofitions in a workman-like man- 
ner, in different afpedls and in large quantity, 
and thus enabled me to judge truly of the 
merits of them. 

By the analogy of bone-afhcs to cinders 
or aflies of other bodies', by the effefts of 
them In my experiments, and by the obfer- 
vations which I have mad^ on capital houfee 
and garden walls which have been fronted 
of entirely ftuccoed with my cement, feme in 
the months of 0£lober November and De- 
cember in the year 1778, others in the 

Spring, 
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Spring, the hotteft weather, jnd the Au- 
tumn of lyyg; I have been led into the 
following opinions concerning the agency of 
bone-a(hes in calcareous ceoients. 

The mortar which contains bone-afhes, 
partakes in Ibme degree of the comprelfibi- 
lity and fponginefs pf their grains, and is 
the lefs liable to crack in fetting, for the fame 
reafon that ^onginefs is, in any other body, 
an effectual preventative of fiflures in drying ; 
or becaufe, any contraction of the lime pafte, 
in confequence of the exhalation of its wa- 
ter, is confined to the circuit of the fpongy 
grains comprefled in beating trowelling and 
floating the cemejit, and is thereby prevent- 
ed from running longitudinally to form fif- 
fures. The fanie texture of bpnc-a(hes con- 
tributes to this effedl:, or caijfes it, uppn other 
principles which are lefs exceptionable. 
There is np region to doubt that bone-a(hes, 
whofe grains r»re tubulated in all poflible di* 
rpl3:ions, which g.reedily imbibe water and 
emit air, and which render the mortar in 
which they are mixed manifeftly bibulous, 
facilitate the entry of acidulous gas into the 
cement ; and that this matter entering as f^H 
N 3 as 
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as the \yater exhales, occupies the pl^cc of 
the water In the cement, and by preventing^ 
the jcontraftion of it, prevents fiffures. The 
fpeedy induration of the cement, which im- 
plies a quick or copious acceffion. of acldu-^ 
4ous gas, according to our experience, ' is a 
proof of this agency of bone-aflies, as Well 
as an effect deducible from their teitufe ; 
and from thefe premlfes we may eafily con- 
ceive how they accelerate the fetting of cal- 
careous incruftations, and tend to fccure then^ 
from the injuries of variable weather. ' * 

These properties of bone-aflies tefidec 
them peculiarly ufeful in incruftatjons made 
within doors on principal walls; and the ad- 
mixture of them in half the quantity of the 
lime, or in a greater quantity, is the improve- 
ment which 1 pointed out in the twentieth 
feftlon, whereby the damp, which disfigufefe 
the common incruftations made in the cit- 
'cumftances there defcribed, 1may he obviated, 
without our incurring the expence of l^h-? 
Work. ' ' ' 

Those who know that one-fixth part of 
charred bones, or about one-^tentli part of 

well 
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well burned bones, is phofphoric aci^, may 
have fonae doubt concerning the duration of 
a cement in which they ar-enyxed in large 
quantity, unlefs they confider that the 
ftrength of the cement does not depend on 
them, and that it is impoffibJe 6>r the phof* 
phoric acid to cjuit tbe lime of boac-afhes, in 
order to diflblve the faturated lime of the 
pcmetrt, Tho* the botne^afliies (boukl ^rifli iff 
a century, which is m^ prob^ji^, tli^ tcr 
I35ieat i§ iiot likely to fail on this.accoucit, 
provided th^ ^vantity of them i? ^ot ^f^tfr 
fiye, ' • '*:•'.:'.: 

Thus I furmountcd th^ difficulties menti- 
oned in the fourteenth ieition, and made my 
beft calcareous pement appfieable in all ce- 
tnentitious and cruft^ceous works external or. 
internal, without inducing in it any difagree-^ 
iible fpolom: pr other imperfedipii. 
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SECTION XXIII, 

^he Specification made in Confequence '^of Letfeps 
Patent y illu/lr(ite4 with Notes y 

IN order to guard againft abufes, and to 
make fbme compenfation for the expencea 

and rifques of the artifts who publicly and 
boldly executed, on the great fcale, what I 
had defigned ^ I fecured an excluliye right in 
niy cement, by virtue of his majefty*s let- 
ters patent, on the eighth of January 1779 ? 
I authorized Mr. James Wyatt the architect; 
of Queen- Ann-ftreet Cayendifli-Square, to 
ufe it in the fiilleft extent, knowing that he, 
by his knowledge of this fubjeft and his 
diftinguifhed tafte in architefture, will unite 
in it all the advantages of duration and ele-? 
gance ; Ilikewife extended this right to Samuel 
Wyatt the builder in Berwipk-ftreet Soho, 
who is well inftrufted, ?ind provided with 
the means of executing any work with this 
cement, in the higheft perfefkion : And | 
Intend to rderve this priviledge to them, un- 
til 
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tl! the public convenience requires that It 
(hould be extended to others, who are capa- 
ble of making the fame difpofitions for the 
benefit/of their employers, and for preferving 
the reputation of my invention free from the 
ufual exa£tions of rnqnopoUfts ^nd th^ abufes 
pf >inder-jobbers, 

As the Ipecification of thefe letters pa- 
tent comprehends the moft ufeful practical 
inftrudlions deduced from the foregoing ex- 
periments and obfervations, and may ferve 
as ^ concife recapituljition, I fubjoin a tranf- 
cript of jt 

jSPECIFIpATION. 

To all to whom thefe prefents (hall come Set. 

** Now know ye that in compliance witli 
*f the faid provifoe, I the faid B. H. do h^re- 
^i by declare that jny invention pf a >yater 
*f cement or flucco, for building repairing and 
" plaftering walls, and for other purpofes, is 
" defcribed \i\ thq manner following (that is 
^' to fay) drift fand, or quarry ' fand, which 

' This is commonly called pit-fand, 

" confifls 
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^ coiififU chiefly of hard quartofe fiat faliei*^ 
*^ grains with fliarp apglcs ; which is thi^ 
•' freeft, or* nwy be ii>oft eafUy free4 Ijy 
^^ wafliing, from clay, falt^ and calcareous 
" gypfeous or <Jther graUis ?lef8 hard, an4 
** durable than quartz ; which cmitaini the 
•* finalleft quantity of pyrites or heavy pae- 
*? tallic matter infeparable by waihing ; and 
** which fufFejrs th^ fmaileft' difninution of 
^ its buU^ in waihing in the following 
^* manner, is to l>e. j)refei;fed tfefcnrc . any 
" other ^ And wh^re a cqarfe and a fift^ 
*' fand of this kind, and -cgrrefpouding^ m 
f^ the fize of their grains with the ^qartfe 
** and fine fands hereafter defcribed, cannqt 
*' be eafily procured, let fuch fand of the 
^* foregoing quality be chofen, as may be 
f' forted and cleanfed in the foUowiqg- 
f' manner, 

'^ Let the fand be fifted in ftreanwtig 
^* clear water, through a (ieve which fliall 
^' give paflage to all fuch grains as do not 

* The twelfth fedtion treats of this. 

'The reafons af tliis preference are given in the fifteenth, 
Axteentb, nineteenth, and twentieth fe^tions. 

** exceed 
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f^' exceed one fixteenth of an Inch in diar 
?* meter ; and let the ftrcam of water and 
** the fifttiig be regulated fo that all the fan^ 
** which is much finer than t|ie Lynn-fand 
?* commonly ufed in the Londpn glafs-houfes, 
f* together with clay and every other matter 
fpecifically lighter than fatid^^may l?e waited* 
away with the ftream, whilft the purer and 
^^ cparfer fand, which paffes thro' the fie ve, 
^^ fnbfides in a convenient receptacle, and 
f* whilft the coarfe rubbifh and fhtngle* re- 
** main on the fieve, to be rejefted. 

f* Let the fand whiph thus fubfides in 
^* the receptacle, be wafhed in clean ftream- 
f ing water, through a finer fieve, fo as to 
^' be further cleanfed and forted into two 
** parcels ; a coarfer, which will remain in 
^f the fieve which is to ^ve paffage to fuch 
f* grains of fand qnly as are lefs than one 
** thirtieth of an inch in diameter, and 
"^* whiqh is to be faved apart under the name 

4 The grounds of tlus treatmeat zf^^aikti the twelfth an^ 
thirteenth fe^tiont 

* I find that I "have ufcd this word improperly, on bad autho- 
thority. The reader is requefted to read rubble inftcad of fliinglc 
throughout this fpecification. 

" of 
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** pf coarfe fand ; and a finer, which will 
^^ pafs through the fieve and fubfide in the 
*' water, and which is. to be faved apart 
*' under the nanie of fine fend,— -Let the 
** coarfe and the fine land be dried fepa- 
^' rately, either in the fqn, or on a clean irou 
" plate fet on a convenient furnace, in the 
ii nianner of ^ f^nd heat; \ 



f^ Let lime be chofeij^ which is ftone Ume, 
whiph I>eats the njpft in flaking, and flakes 

** the 
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• The fand ougbt to be fiifred up continually until it h dried, 
^nd is tlien to be taken of'; for other^ife ^be evapor^tioq will 
be very flow, and the fand ^^^hich lips next the iron platc^ by 
being overheated, will be difcoloured* 

^ The grounds of the inAru^tions comprized in this par^t 
graph, appear in the fecond, fourth, fifth and^ eleventh 
fe£lions. The preference given to flone lime is founded pp the 
prefent pra^ice in the burning of lime, and oh the clofer ;exture 
of it, which prevents it from being fo foon injured by expofure 
to the air, as the mott fpongy chalk lime is ; not on the po- 
pular notion that done lime has ibmething in it whereby it ex- 
cels the beft chalk in the cementing properties. The real dif-* 
ference between thefe will be iliewen in the next fedtion* 

The gypfum contained in lime ftone remains unaltered or veiy 
little altered in the lime, after the burning ; but it is not to be 
expe<fted that clay or martial matter ihoiild be found in their 
native date, in well burned lime ; for they concrete or vitrifie 
with s{ pan of the calcareous earth, a^^ conftitute the hard 

grains 
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** the quickeft when duly watered ; which 
" is the frefheft made and clofeft kept; 
" which diflblves in diftilled vinegar witH 
" the leaft efFervefcenCe, and leaves the 
" fmalleft refidue iilfoluble, and in this re- 
" (idue the fmalleft quantity of clay gypfuni 
** or martial matter. 

" Let the lime chofcn according to thefe 
*' iniportant rules, be put in a brafs- wired 
" fieve to the quantity of fourteen pounds; 
'' Let the lieve be finer than either of the 
*' foregoing ; the finer, the better it will be : 
^' Let the lime be flaked' by plunging it in 

** a butt 

grains or lumps, which remain undiflblved in weak* acids, or 
are feperablc from the flaked lime by fifting it immediately 
through a (icvc. 

• This method of impregnating the water with lime is not 
the only one which may be adopted. It is however preferred 
before others » becaufe the water clears the fooner in con- 
fequence of its being warmed by the flaking lime, and the 
gypfeous part of the lime does not diffufe itfelf in the water fo 
freely in this way^ as it does when the lime is flaked to fine 
powder in the common method and is then blended with the 
water ; for the gypfeous part of the lime flakes, at firft, into 
grains, rather than into fine powder, and will remain on the 
fieve, after the pure lime has pafled through, longfenough to admit 
of the intended reparation ; but when the lime is otherwife flaked 
the gypfeous' grains have tin^e to flake to a liner powder, and 

pafling 
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** a butt filled with foft water and ralfiag It 
out quickly and fuifering it to heat and 
fume, and by repeating this plunging and 
railing alternately and agitating the lime^ 
until it be made to pafs through the fieve 
*^ into the' water j and Jet the part of the 
*' lime which does not cafily pafs throxlgh the 
** fieve be rejected : and let frefh portions of 
*^ the lime be thus ufedj until as many' 
*^ ounces of lime have paffed through the 
** fieve^ as there are quarts of water in the butt; 
Let the water thus inipregnated ftand in the 
butt clofely covered '''until it becomes clear; 
and through wooden " cocks placed at dif- 
** ferent heights in the butt^ let the clear liquor 

paffing through the lieve> dilFolvc in the water along with the 
lime. I have imagined that other advantages attended this 
method of preparing the lime water,^ but I cannot yet fpeak of 
them with precifion. 

^ If the water contains no more acidulous gas than i| ufually 
found in river or rain water^ a fourth part of this quantity of 
lime, or lels, will be fufficient* 

**^ The calcareous cruft which forms on the furface of the 
water ought not to be broke, for, it afiifls in excluding the air 
and preventing the abforption of acidulous g^s whereby the lime 
water is fpoiled. 

*' Brafs cocks are apt to colour a part of the liquor. 

*f be 
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** be dr^wa ofF as faft'^ and as low as the' 
" lime fubfides, for\lfe«. This clear ItquQr I 
" call the cementing liquor 'K The freer the 
*' water is from faline matter^ the better will 
be the cementing liquor made with it. 
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'* I^T fifty-fix pounds of the aforefiiid 
chofen lime be flaked, by gradually fprinkl- 
ing on it, and efpecially on the unflaked 
pieces, the cementing liquor, in a clofe '♦ 
clean place* Let the flaked part be tm- 

n^ediately 
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'^ Lime water cannot be kept many days unimpaired, in 
any veifels that arc not perfectly air-light. If the liquor h^ 
drawn oS before it clears, it wiU contain whitings which is ia« 
jurious ; and if it be not indantly ufed, after it i& drawn limpid 
from the butt into open vefTels, it will grow turbid again, and 
depofite the lime changed to whiting by the gas abforbed froiu 
the air. The calcareous matter which fubfides in the butr^ 
refembles whiting the more nearly, as the lime has been more 
fparingly employed ; in the contrary circumftances, it approaches 
to the nature of lime ; aad in the intermediate flate, it is fit 
for the common compofition of the plaillercrs for iniide ftucco* . 

■^ At the time of writing this fpecification I preferred 
this term before that of lime-water, on grounds which I had 
not fufiicientty examined. 

** The vapour which arifes in the flaking of the lime con- 
tributes greatly to the flaking of thefe pieces which lie hi its 
way ; and an unrieceffary wade of the lit^uor is prevented, by 
applying it to the lime heaped in a pit or in a veiTel which may 

reftrain 
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** mediately '^ lifted through the laft meu- 
•* tioned fine brafs-wired fieve : Let the lime 
which paffes be ufed inftantly or kept in 
air-tight veffels, and let the part of the lime 
*' which does not pals through the fieve, be' 
*• rejeded '^ — ^This finer richer part of the 
*• lime which paffes through the fieve^ I call 
purified lime. 
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Let bone-afli be prepared '^ in the ufual 
manner by grinding the whiteft burnt 
" bones, but let it be fifted to be much finer 

reftrain the iffue of the vapour, and direct it through the mafs« 
If more of the liquor be ufed than is ncceflary to flaktf the 
lime, it wilt create error in weighing the flaked powder, and 
will prevent a part of it from paffing freely through the ficre. 
The liquid is therefore to be ufed fpar'ingly, and the lime which 
has^ efcaped its action is to be fprinkled apart with freih liquor. 

*' When the aggregation of the lumps of lime is thus 
broken, it is impared much fobner dian it is in the former (late, 
becaufe the air more freely pervades it. This is Hiewn in the 
fifth fe£tion. 

*• Because it confifts of heterogeneous matter, or of ill 
burnt lime ; which laft will (lake and pafs through the fieve, 
if the lime be not. immediately fifted after the (laldng, agreea« 
ble to the text. The reafon of this may be drawn from the 
fourth fe£tion. 

** This art is taught in the twenty. fecond feftion. 

" than 
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t^ thsin ihc bone-afh commonly. foU (dt 
•* making cupels* 

** Tub nloft eligible niaterials for niakirig 
** my cement being thus prepared : Take 
** fifty-fix pounds of the doarfe land and 
** forty-two pounds of the fine fand; mix 
** them on a large plank of hard wood 
** placed horizontally ; then fprcad the fand 
" fb that it may ft and to the height of fixt 
•* inches with a flat fur face on the plank} 
•* wet it with the cementing liquor ; and let 
•* any fuperfluous'^ quantity of the liquor, 
^* which the fand in the condition defcribed 
cannot' retain, flow away off the plank* 
To the wetted fand add fourteen pounds 
6f the purified lime in feveral fucceffive 
*' portions^ mixing and beating them Uptoge- 
*^ ther in the mean time with the inftruments 
** generally ufed in making fine mortar : 
** then add fourteen pounds of the bone-alh 
** in fuccefllve portions, mixing and beating 
all, together*. The quicker and the more 
^* perfectly thefe materials are mixed and 
" beaten together, and the IbbUer the ce- 

*• The grounck oiF this praflice are (hewn ia the twelfth fee* 

tlOft* 

O *• ment 
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*< nlent tKus formed is ufed, the better *^ it 
** will be. This I call the water cement 
•* coarfe grained, which is to be applied in 
** building, pointing, plaiftering, ftuccoing, 
** or dthej; work, as mortar and ftucco now 
** are ) with this difference chiefly, that as 
** this cement is Ihorter than mortar or com- 
mon ftu'cco and dries fooner, it ought to 
be worked expeditioufly in all cafes, and 
in ftuccoing it ought to be laid on by Aid- 
ing the trowel upwards on it ; that the 
materials ufed along with this cement 
in building, or the ground on which it is 
to be laid in ftuccoing, ought to be well 
'** wetted *° with the cementing liquor, in 

: '^ Thcss proportions are intended for a cement made with* 
fbarp fand, for incruftatton. in expofcd fituations^ where it is 
nece&ry to guard againft the effects of hot weather and rain, 
in general harlf this quantkjr of bone-aflKrs will be found fuf- 
£rieiit ; and alrho the iacraftatioB in thip latter cafe will nM 
iKirden deeply (o foon, it will be ultimately ftron^^r provides 
the weather be favourable. 

Tfift isi]atiei whidf lime and mortar iWdain, by expofutt 
to the VAT, before the cement is £naiiy placed in a quiefcent 
HtsLtc^ appear in many parts of the foregoing P^g^ ; and there* 
fore our c^m^nt h the worfe for ^eing long beaten, hot the bet- 
ter as it is quickly beateA untill the mkture is efie^ed, ando* 
longer. 

; •• S^g feftion vii. and pagt-75» 

" the 
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." the inftant of laying on the <iemeiit j Stid 
" that the cementmg liquor is to beufed when 
** it 18 neceflary to moifteti the Cement, or 
" when a liquid is required to facilitate thfi 
** floating of the cenaent* 

** When fuch cement is require4 to be 

^* of a finer texture ; take ninety-eight pounds 

*V of the fine fand, wet it with the cementing 

** liquor and mix it with the purified lime 

/* and the bone-afli in the quantities and ia 

*' the manner above defcribed, with this 

.•* difference only, that fifteen pounds ^Cif 

•* lime, or*' thereabouts, arc to be ufed inftead 

" of fourteen pounds^ if the greater part of 

. " the {and be as fine as Lynn fand* This X 

** call water cenient fine grained. It is to 

** be ufed in giving the laft coating or the fi« 

" nifli to any work intended to imitate the 

" finer grained ftones or ftucco. But it may 

" be applied to all the ufes of the water ce- 

/* meat coarfe grained, and in the fame 

" manner. 

*' See fefXionxni, The q\]iaDtityof bonealhes U ttoC t9 
be increafed with that of the lime| for the reafon given in page 
' 1 76 ; but it is to he leHened as the expofure and purpofes 0/ 
the work will 4idmit. See fe£tion xxii* 

' O7, ** Whe» 
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" When fbf iany of the foregoing pur- 
^* pofes of pointing, building, &c. fuch a 
^' efement is required much cheaper and 
*' coaffet grained^ then, much coarfer clean 
*' fand than the foregoing coarfe fand^ or well 
**, wafhed fine " fhingle is to be provided. 
V' Of this coarfeft fand or fhingle " take fif- 
" ty-fii pounds, of the foregoing coarfe fand 
** twenty-eight pounds and of the fine fand 
** fourteen pounds ; and after mixing thefe 
'*' and Wetting them with the cementing li- 

- ** qiiof in' the foregoing manner, add 14 
.** pounds, or fomewhat lefs^ of the*^puri,- 

.*' fied lime, :ind then fourteen pounds or 
*' fomewhat lefs of the bone-a(h, mixing 
** them together in the manner already de- 
** fcrihed. When my cement is required 
*' to be white, white fand, white lime, and 
'^ the whiteft bone-afh are to be chofen. 
'* Grey fand and grey bone-afli formed of 
*' half burnt bones,, are to be chofen to make 
** the cement grey ; and any other ** colour 

** Rubble. 

*' Because lefs lime is ncceflaty as the fand is coarfer^ 
*. §c<tion xii. and xlii. 

*♦ THfe , outlines of tlicfc arts are given In fcSion xx. 

«^ of 
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" of the cement is obtained, eithox .by- cbuf^ 
*' iag coloured fand, or by the admixture of 
the neceflary quantity of coloured talc iji 
powderj or of coloured vitreous or metal- 
lic powders, or other durable *^ colouring 
ingredients commonly ufed in paint. 
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" To the end that fuch a water cement 
*' as I have defcribed may be made as ufe- 
" ful as is poflibk in all circumftances ; ^nd 
" that no peribn may imagine that my 
♦* claim and right under thefe Letters Pa- 
tent may be eluded by divers variations 
^^ which may ]be made in the foregoing pro?-. 
♦' cefs without producing any notable de- 
*« fed in the cement; and to the end that 
*^ the principles of this art as well as the art 
^' itfelf of making my cement, may be ga- 
.>' thered from this fpecification and perpe- 
*« tuated to the public, I (hall add the fol- 
*' lowing obfervations, 

*^ The known chemical properties of the fevcral finer in^ 
gredi^t9 yfedia paint pr water colouring, and the experienced 
«(k^o£ the mater^iU mtntioned in the fifteenth, fifteenth, 
jcvcntc^nth, eif^hteenth* nineteenth and twentieth feflions^ 
jire fttffidenc to direct the artift in the choice pf thofe things 
.lvh^:H will induce colour, with tt^e fmalleft injury to the 
ifl<ai»^tip|i« 

O 3 '' This 
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** T918 rAy water cement, whetW tha 
coarfe or fine grained, is applicai)ie in 
forming Artificial ftone, by making alter- 
** nate layers of the cement ^nd of flint, harci 
♦• ftone, or brick, in rfioulds of the figure 
*' of f he intended ftone, and by expofmg the 
** mafles fo forriied, to the open** air to 
** harden. 

** When fuch cement is required for 
** water*' fences,* two thirds of the prefcrlbed 

^BuT they mufi not be expoftd to tho raii, tmtiS they 
•ue almoft 99 ftrCKtg Aft fr^ft P^r^d (^ope ; a^ f rto thoQ 
.tbcyo.ujht to be.ibdtq;cd £ro.» it, as jn.uch is th#'circura-» 
fiance^ will a^mit. $ee pages 68, ^9, 1 14. Thefe flonei 
may be made very hard and 'beauttful, wteh a fiBal) expence 
of bone^fii^ by foaking cbem, aherj cb^ bs^ve imik thorough- 
iy and hardened, in the Ume-U^uor, sind repeating this prp* 
cefs twice, or thrice, at.diftant in^ryals of time. The like 
efie£t was expenenced in incroftationsi and is meaHoned in 
?ag«ii4^ 

*' To what I have faid on this fubjeft in page 1 24, f muft 
add that, in my experiments^ mortar made with terras powder, 
in th^ ufual method, does not appear to forrh fb flrong a ce- 
ment for water fences, a$ that made according to tKc ^« 
cification, with coarfe fand; and I fee no more rcaie» filr 
avoiding the ufe of fand in terras rftoftar, than there woaWbb 
for rejefkipg; 'ftone from the embankment. Tbe boRe-affHM 
meant in this p1ac6 are the dark grey or black fort. I am n#t 
yet fully fatisfied about tbe operation of them - in tliie- faft- 
4anc«ir ' i "^ 

** quantity 



(( 
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quantity of bone afliea are to be omitted j 
and in the pJage thereof aa equal meafur^ 
of powdered terras is t;o be ufed ; and if 

" the fand employed be not of the coarfe^ 

" fort, more terras muft be added, fo thjj; 

^' the terras (hall be by weight Qne fixth pajrj: 

^* of the weight of the fand. 

** Whbk fuch a cemettt is required pf the 
iineft grain ^' or in a fluid form, i:> th^* 
it may be appU^^ with a hxufhf flint pQw^^ 
der, pr the powder of any q>»a^tof^ or hard 
earthy fubftajice may be u^ in the pipe© 
of fand, bull in, a quantity fqaaller as tho 
^* flint or other powd?? is imoi; 5 (o that th© 



^ Tb E ({uaUdesand ufts of fudi fiae <alc«eoas cemem «re ftt^ 
forth in the thirteenth and twentieth fedtions. They ate refom# 
mended chiefly for the purpofe of fmoothing and finiihing the 
flronger cru^ftaceous works, or for ijrafhing walls tQ 9 lively 
and uniform colour* For this laft intention, the mixture niuft 
lie aa thin as new crmto% foA hii eo hrifcly w!ith.a hfvOu itf 
dry wait;h#r; and a thkk^iid durable coat,i%tpit>e made by ^ 
repeated wafhing, but is not to be attempted by ufing a thicker 
liquor; for the coat made with this laft ia^apt to fcale, whilft 
t}ie former endure? the w^j^e.r ipij^h lo^gpr tb^u ?ny o(ber 
ttua cakateous coyerm^ that bap been a^pUed in this way^^^ 
Fine yellow ochre is the cheapeft qqlouriiig ui^ediept for fuch 
a waihy when it is required to imitate Bath ftone, or the warm- 
iA»teAcmea« 

O4 i4 fiiiit 
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♦< flint powder or other fuch powder fhall not 
*• be more than fix times the weight of the 
** lime, nor Icfs than four times its weight. 
•* The greater the quantity of lime within 
•* thefc limits, the more will the cement be 
. ** liable to crack by quick drying, and vice 
^^ verfa. ' ^ 

^^ Whe^e fuch fand as I prefer cannot be 
** conveniently procured, or where fand can-* 
*^ not be iJonveniently wafhed and fofted, 
^* that fand which moft rd'embles the mix- 
** ture of coarfe and fine fand above pre-. 
** fcribed, may be ufed as I have direfted, 
^ provided due attention is paid to the quau- 
^* tity of the lime, which is to be the 
^^ greater *^ as; the faftd is the fi^er and vigc; 
** verfa, 

*^ Where fand cannqt be eafily pro-i 
♦^ cured, any durable ftoney body, or bake4 
•^ earth grofl/ powdered^** V^d forted nearly 

^' to 

•9 FuATHEiL injRruftidin may be gathered from the thJr- 
ttenth fe<^ion. If &k fand be well waflied ia frefii water, it is 
gs g^ood a9 s^ny other reunJ fandt 

'® The cement made with thefe and the proper c^uanucif, 
of purified lime 9nd Umc-wa^r, i|fp mferior to the bed, at 
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■»* to the fizes above prercrlbed for fand^ may 
*^ be ufed ill the place of land, meafure for 
** meafure, but u<^ weight for weight, un-» 
** left fuch grofs powder be as heavy fpc* 
♦* cifically as fand* : • 

*♦ Sand may be cleanfcd from every fbfter 
^^ lighter and lefs durable matter and from 
^* that part of the fand which is too fioe, by 
^* various methods preferable'* in certaia 
♦* circumftances, to that which I have de* 
♦♦ fcribed* 

«4 Water maybe found naturally free from 
^* fixable gas felenite or clay : fuch water may^ 
<• without any notable inconvenience, be ufeil 
^^ in the place of the cementing liquor ; and 
*^ water approaching this il^tc will npt re- 
f^ quire fo natich Hme as I have ordered^ to 

tlip grains of chefe pow^ien are more perifflMble and brittle tb«» 
thofe of fand. They will not therefore be eniployedt unleis 
ior the fake of evafion, or for want of fiind % in this latter cafe 
Iht Qner powder ought to be waibcd av^y, 

' '* This and xjm next paragraph is ii^ferted with a view to 
evafionsy as well as to fugg^ the eafier a^d cheaper niefhodk 
which may be adopted in ceruin circumCtances, by artiftt who' 
^gdcr/Und the princij^les v^hich I hs^ve endeavoured to teach* 

♦* make 



^ make the cem^i^titig liqwpt ; and a cem?uN 
^* ing liquor fufScie^dy ufefuj may be nxade 
^* by farions; mfithbd^ ^ iwxing lime and 
^ w^tQT.in thi defgribed proportious, or 
♦^ nearly fo, 

u WiffiN ftabtel Ilmc cannot, be ppocuped, 
'*^ chalk lk»e or ihell lime which beft re* 
"^^ fembles ftdne Hmc^ in the charaftor^ ^bove 
^* written of lime, may bo ufed ia the njamie? 
^^ defcpifbed, except that*^ fourteen pounds 
** and a half of chalk lime will be required n 
*^ the place of fourteen pounds of ftone lime. 
^* Tht pmportion of JimfiVhich I hayc pre- 
f^^ fcribed above may be entreafed without 
*' mc©uveniencc, when the cement or ftucca 
^* is. to b^ jipplied where it ia not liible ta 
^^ dry quickly ^ aad m the contrary circvra* 
^^ iirance this ^oportion may be diminKhed { 
«* and the defeft of lin^e in quantity or 
^* quality may be very advsintagebaOy flipi^ 



^^ This relates t« ii^Milli time buvncd. whk ai fu&tent quimt 
tity of fuel in kilns of the common conftru£tion. Chalk lime 
|3Te{>arre(f st f I6alt lliew ia this mw fedioo, wtU go «$ ftff as 
Aouelime, ifnotftether* 

<< pUc4 
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*^ plied ", by canfing a confidcrable qnahtlty 
*• of the cementing liquor to fbak into the 
** work, in fncceflive portions and at diftant 
" intervals of time, fo that the calcareous 
** matter of the cementing liquor, and the 
•* matter attradled from the open air, may 
•• fill and ftrengthen the workt 

♦^ The powder of almofl: every well 
** dried or bnmt animal fubftance may^ Be 
** ufed inftead of bone-afli j and feveral 
^^ earthy powders, efpecially the micaceous 
^^ and the metallic ; and the elixated a(hes 
^* of divers vegetables whofe earth will hot 
^^ burn to lime ; and the aihes of mineral 
»* fuel, which are of the calcareous kind, but 
♦* will not burn to lime ; will anlwer the endb 
^* of bone-afh in Ibme degree '^ 



'^ Tivts pradice is noticed, » the remedy which maybe 
ufed for the defeds afifing f^om evafive meaflires, and as the 
*me&had of iptriog tpangy inevttfiiktionft ooaivaiBg bone-iihes, 
ik^ lyresuttft dagrflik of h«;dMifti 

>^ The ufeful fubftitutes forlone-afhes, hare been treated 
oF in Ae fU^Dgeittg^ ft6lions: the ai^talRb micaceous and earthy 
j^wii«rt zn^ n^ reoMnmcpd^d an thi; tcut^ but only enuma- 
rat^ fpr c^fons whjch infli|enc«d the ityle of chis.fpecification, 
and which lawyers will perceive. 

** The. 
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•*' T*[E»quantity of bone-afh defciibed may 
** he leffened without injuring the cenaent, ia 
" thofe circuniftauces efpecially which ad- 
^V mxt the qu^nfity of lime t<> be leffened, and 
**; in thofe. wherein the cement iis not liable 
** to dry quickly. And the art of remedying 
•^ the defeds of lime may be advantageoufly 
♦* pradifed to fupply the deficiency of bone- 
^\ afh, efpecially in building ?n.d i» ipaking 
♦^ artificial ftoix? with this cement. 



\ . ** Ni B. Fca: infide work, the admixture 

1* of hair withthiis cement is ijfefuL 

. ^^ In witii?f5 whereof I the faid P, |I. ^c/* 

^ The- excellence of my cement depend? 

firft, on the figure fize.wd purity of .the 

fand ; fecondly on the purity of the lipiet 

obtained in the choice of lime-ftone, and in 

the perfect: burning, aiid fecured in the pre- 

f^ryation of it froii^i air, in my nciethod of 

,ilaking, 4nd in the feparatiqp of hetcrogexieouR 

parts ; thirdly on the nfe of ftrohg and pure 

lime water in the place of common wa^erj ' 

fourthly on the proportion offends lime water 

and lime ; fifthly, on the manner of mixing 

them ; ' fixtUy, on the knowledge of ingre- 

' ^ dients 
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dients and circumftances which are injurious 
orufeful; feventhly, on the ufe of bone- 
aflies of determinate fize; eighthly, on'thei. 
art of fuiting fome of thefe to the feveralpur* 
pofes ; and finally on fo many other particu* 
htSy as render it very difficult to give a more 
candid fpecification, in the ufual compafs, 
than this w^hich I have enrolled, or to guard 
otherwife againft cvafions, than by anticipat- 
ing them. 

I DO not think . It neceffary to infift more 
minutely on the mechanical arts of applymg 
the coarfer or finer calcareous cement, to pro^ 
duce the moft agreeable effeds, becaufe they 
are knov^n to fo many workmen employed 
under MefT. Wyatt, and are fb nearly related 
to thofe already known to the plaifterers, 
that they are not likely to be miffed or lofl. ' 
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SECTION XXIV. 

Expenr/tental Cvmpanfons of Chalh-Litfie with 
Stone'-Lhne. Advices to the ManufaSlurers of 
Chatk'Lime^ concerning the Art of rendering 
it equaiy if not fuperior^ to Stoni-Lime^ for the 
Purpofes of Builders Soap-Boilers and Sugar^ 
Bakers. 

ALL the authors whom I have con- 
. fulted, who have treated of cementi- 
tioUs buildings and of lime, from the time 
of Vitruvius, who wrote on thefe fubjefts in 
the reign of tlie Roman Emperor Titus or 
before it, down to the prefent hour ; and all 
the artifts with whom I have converfed, 
agree in the opinion that lime prepared from 
the clofeft lime-ftone makes a ftronger cement 
than that which is made of fpongy lime* 
ftone, and that the lime of chalk particularly, 
is incapable of afting as efFeftually as the beft 
ftone lime, in cementitious works or incru- 
ftations which are expofed to the weathen 

Tflrt 
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• Tttis pniverfal and iinqueftaotied Viotloft 
had great influence with me in the Courfe of 
my experiments, until I had dilxrovered not 
X)nly the fallacy of it> but the grounds which 
gave riffe to it : both which I fhail now ex* 
pofe, in the pkafing hope of rendering great 
lervices to many of my friende^ and all 
who are proprietors of chalk-pits, or are obli- 
ged to ufe chaik-lime in thfelr bisildings* 

The experiments ali;eady mentiofted af- 
forded me a great many opportunities of com*- 
paring cements made with lime 4nd fand, or 
with thefe and other ingredients ih various 
proportions, and differing only in the kind 
of lime. In thefe copiparifons L could not 
■perceive that chalk lin>c^ judlcioufly - pre- 
pared and ufed, was in any refpe^t inferior to 
the beft ftone lime : but I did not content 
my felf with thefe. I made a great number 
of cements, with the folc view of collating 
the refpeftive merits of thefe kinds of lime, 
in fmafl and great incruftatiofiSj in maflcs 
made to reiemble cut ftone, in all expofurefi 
iand feafons of the year ; and after the ftrlA- 
eft comparifohs of thofe which C0fttaifte4 
lime in equal quantities and veere treated 

alike 
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alike in* all refpefts, I was thofoilghty coti* 
vinced that my chalk lime was as good for 
any purpofe of this kind, as the beft ftonc 
lime in this kingdom ; for I ufed the well- 
burned lime of Plymouth ftone, which I 
reckon among the moft excellent of our 
iime ftones. 

PLYMoUtH lime-ftone lofes feven fix* 
tecnths of its weight, iii the converlion to 
lime, and becomes as white as chalk. Chalk 
loofes a little more in .the perfeft burning* 
PJymputK lime leaves a fmall gypfeous reli- 
.due in the folution prefcribed in the tenth 
page, which is preferable to that diredled in 
the fpecification : chalk-lime le'aves none* 
Therefore the chalk-lime chemically or tech* 
iijcally tried, appears to be equal, if not fu:* 
perior to ftone lime, in its cementing powers, 
>vhen it is properly ufed* 

The prejudices entertained againft clialki- 
lime may be traced to three fources. The 
.firft is that which is mentioned in the fourth 
ieftipn. The vulgar criterion of the due pre- 
paration of lime confifts in the flaking : and 
^s chalk, which has undergone a flight calcic- 
nation 
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toatidn and thereby loft only a part of its aci* 
dulous ga$, is capable of flajcingj by reafott 
of its fponginefs ; th^ manufafturers of chalk 
lime coptent themfelves with the degree of*, 
calciaation which renders it tradable or veu* 
diJblc, and thu3 bring it into difrepute* 

TiiB fecoiid fource is mentioned in the 
fifth feftion* Chalk lime imbibes aciduloui 
gas, during its expofure to the air, much 
fafter than ftone lime, and is confe- 
<juently more impaired or worfe, at the time 
of itfing it in mortar, than ftone lime kept in 
the fanie circumftances. As the lime may 
he gpeatjy injured in this way, without flak- 
ing fenfibly ; and^ as there was no fu{picion 
or meafure of fuch injury, beyond what the 
flaking afforded ; the acquired imperfedion 
of chalk lime was confidered as the very na** 
ture of it* In the thirtieth page it appears 
that a pound of chalk lime, placed in the qui- 
eftpent air of a chamber, imbibes two puaces 
aijd a half of acidulous gas in two days^^ 
which is the fliorteft time in which lime is 
Vfu^lly expofed, if we count from the mo-^ 
pnent of its being red hot to that of its being 
mixed in mortar, during which interval it is 
ip the ftate of abforption. 
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• The third Iburce I have difcovered in 
thie ftrufture of lime kihis. The cavity 
of a lime-kihi has the figure of a truncated 
done inverted. When the charge, con- 
lifting of lime ftone and fuel alternately- 
ftratified, has burned for fome time, the fuel is 
cxhaufted at the lower narrow extremity of 
the cavity, the lime in this part cools, and 
ierves as a grate to the fuel and limeftone 
above it, which continue to burn brilkly, for 
eighteen hours or longer, after the lime be- 
neath begins to cool. During this time 
the laft-mentioned part of the lime is expofed 
to a ftrong. current qf. air ; and the whole 
charge of lime ftands in the like current of air 
until the kiln is cooled, or the lime is with- 
drawn ; which in. common pradice is leldom 
or never done before the fixtieth or feventieth 
hour after the combuftion of the fuel coni-* 
menced. 

The injury which lime, ftone fuftains, in 
thefe circumftances, which I hav^ often imi- 
tated in my elaboratory, is not great ; becaufe 
this lime! is much more compact than the 
chalk lime. . But when we obferve that the 
'■ j!f)eft pieces of ^halk'llme of the common kilns, 

and 
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and thofe; which, after heating them flif- 

ficiently, I had left in the fire-place, expofed 

as they arc iji the ufual proccfs, are always 

fffervefcent ; that good chalk lime, in a 

weaker current of air, imbibes more than three 

ounces of acidulous gas into each pound o£ 

it, in two days, according to the experiment 

I of the thirtieth feflion ; and that my chalk 

lime, which I remove from the fire-place 

I ' as fbon as it is fufiiciently burned, is per* 

I feftly non efFervefcent ; we find that the long 

experieticed imperfeftions of frcfti chalk 

lime are owing more, to the faulty con- 

ftrudlioft of the kilns, and the ignorahce of 

the manufadurer, than to any incapacity 

of chalk to yield excellent lime. 

The means of preparing chalk lime to 
equal or exceed ftone lime, and of making the 
heft ftone lime, may be gathered from what 
I have faid, and the following intimations* 
The kilns are to be made broader and fhal- 
lower in the cavity which receives the charge : 
the circular wall inclofing this cavity, is to 
be continued tapering upwards, until it ter- 
minates in a lofty flue, in order to accelerate 
the combuftion and increafe the heat by a 

P z quick 
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quick ctirreat of air to be regulated by open*^ 
itig or clofing the door-way, which, is to be 
ieft in the circular waU at a convenient height 
for the introduftion of the charge. The maf-^ 
five wails of the lower cone are to be li^ied 
wi^ fire brick or^ apyrous ftone fet in tbe 
beft £rc loam ; and are to be girded with iron. 
The fuel is to be fo ft ratified with the lime ftono 
or chalk, and the combuftion is to be fo <x)n- 
du€led, tliat every part of the charge (hall be 
Efficiently ventilated and heated, and that 
the loweft fhall remain red hot witil th^* 
whole is well burned. Then the current of 
air through the kiln is to be ftopped, by clof* 
ing the apertures at tbe bottom ; or th^ red 
hot lime is to be Tcmoved out of it, to cool 
jn quiefcent air, until it is fit to be inclofed in 
^r-ti^t veflels. A calk of chalk lime is 
not to be -opened until the moment whea 
the workman is ready to flake the lime ; and 
the grcateft ea^pedition is to be ufed m the 
flaking, tn making the mortar, and la ap^ 
plying tt to ufe. By thi? treatment the 
diaHc Kme wiH anfwer every Qn^ of the bcfl: 
ftone lime ; and ftone lime may be prepared . 
and preferved in the highefl: perfetfibion wiudi 
the nature of the Time ftone can ^mit^ 

The 



[. ¥3- ] 

The manufacturer of chalk lime who firft 
adopts thefe meafures near London will pro^ 
fit by them : for ^od lime is not onljr bet- 
ter, but goes farther in building, than bad 
lime ; good chalk lime will anfwer the pur- 
pofes of the fbap-boiler, in half the quantity 
which they ufe of common chalk lime, the 
greater part of which ferves only to wafte 
their lees and clog their vatts ; and our fugar- 
bakers will not hefitate about the price of 
good chalk lime, when they find that it is to- 
tally foluble in pure water, and introduces no 
feleiutic matter into the lugan The expor-- 
tation of lime to the Weft India Iflands will 
be a further incitement towards the improve-^, 
ments which I have fuggefted, when the 
planters receive the information which I in-, 
tend loon to give them^ concerning the prin- 
ciples by which. //w^, duly adminijiered facHi-^ 
Wes^ but injudkioujly t^fed impedes the granula^ 
tian of the facchariue part of their cane 
juice* 
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SECTION XXV. 

DireSlions to the Houfes already Jluccoed with the 
new Cement. Obfervations on the Objections of 
certain Artijis ; on the cementitious Works of 
the Romans ; on the experienced and unequalled 
Duration of fuch Cements ; on the Cements of 
Loriot and others ; and on certain Ufes of tU 
Author^ s Cement. 

IrtflE inexperience of the workmen, their 
obftinate adherence to their own no- 
tions,' and the opinion which they entertained 
that Ibme of the rules prefcribed to them 
were inlifted on rather through an affeftation 
of myftcry than for any ufeful purpofe, ope- 
rated ftrongly againft the beft endeavours of 
MeffieursWyatt, in theincruftations firft noiade 
on the great fcale for ufe or ornament. In 
confequence of thefe difadvantages, which 
will be obviated in future, their ftucco, al- 
though it excels others beyond conipari- 
fon and is far from being peri{hable, is not 
quite fo hard as it might have been made. 
This I mention, left thefe incruftations Ihould 

be 
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be miftaken for the beft, which I have re- 
prcfented as exceeding Portland ftone in hard- ; 
nefs. Thefe laft demand a ftriftobfervance.^f 
the foregoing precepts refpefting the feafon 
and the expofure as well as the materials and 
mechanical application of them. 

The houfes which have been ftuccoed with 
this cement are the following : 

The north front of Mr. Delme's houfe otj, 
the fouth fide of Grofvenor- Square, ftuccoed 
in November and December 1778. 

The north and fouth fronts of Mr. Viner's 
houfe in Conduit-Street, HanoVer-Square, and 
the moulded walls of the area behind it, ftuc- 
coed in the fummer and autumn of 1779 : 
the fore-front reprefenting Bath ftone, the 
other front and the walls and mouldings o^ 
the area, clofely imitating Portland ftone* , 

Mr. Bond Hopkins's houfe at Wimbledon 
in Surry, ftuccoed in the fummer of 1779, 
in every alped. 

P4 Mr. 
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Mr. BircH'? houfe at Hamftead near Bir- 
tningham, ftuccoed in avtumn 1779, in eyery 

These were done under the dire^ion 
of Mr. James Wyatt, 

I MUST obferve that the difcoloured funimit 
of the front of Mr. Viner's houfe, is natural 
ftone; and thai our cement never changes its 
colour, like thofe which contain white lead or 
oil. This hdtife feems to be well fihifhed. 
But wheh an inctuftatloft is made in an im- 
proper feafon ; when the parapet or gutters 
are defedtive, and the rain is fufFered to pe* 
netrate through the fpongy bricks and recent 
llucco ; it is the fault of the workman and 
not of the cement, if the damp appears in the 
incruftation of the attic ftory, or if this part 
of it (hould never harden compleatly^ 

I HAVE not jret been ixifbrmed of the work 
done by Mr, Samuel Wyatt^ except the ftuc- 
coing of the Honourable Juftice Willcs*s 
boufe at Little Grove ^aft Barnet, on the 
northern fouthern and eaftern fides, in Sep- 
tember and Oftober 1779 ; and a piece of 
incruftation reprefenting a very coarfe ftone, 
tnadein November 1778?, from the foundation 

to 
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to the height of the cellar ftofy, on the ^fte^ 
wall of Mn Gui"zon's houfe in t>a?ies-9tredt 
Grofvenor-Square. The earth had lainagaiaft 
this wall for many years : it was ftuccoed im'* 
mediately after the area had been opened to 
it, afed whilft it was damp ; dnd by the ini- 
ftake of the painter, the ftucco was painted 
whilft it was frefli : I have not feen it fince: 
but I am told that under all thefe difadvao^ 
tages it is incomparably better than the piece 
of coinmon ftucco which meets it from 
above, 

Wh A T has been fairly (hewn of the cement, 
in this public manner, has given greater fatis- 
fadion 5 and Meflrs. Wyatt are engaged to 
ftucco a great number of capital houfes with 
it next fummer, Thefe will be done in the 
higheft perfeftion, becaufe the workmen are 
now compliant and experienced* 

An impediment however ftill fubfifts td 
obftruft the prdgrefs of this art in the publiij 
eftimation. Some iriterefted p^rfoU$ dtliv 
gently infinuate that this cement has not the 
fanflion of long experience ; atid that howe- 
ver promiiing it now appears, it ftiay moulded 
like others in a few years hence : they like- 
\vi|e bbferve that only a fuperficial cruft of 

the 
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the above-mentioned ftuccoes is fufficiently 
hard, but that the internal parts may ealily 
be cut or broke : and they reprefent the ce- 
ment as an expenfive compofition. 

I, 

This publication, which fhews it to be 
made of clean forted fands, of bohe-aflhes, 
and of good lime in about half the quantity 
ufed in the common method of making mor- 
tar, renders an anfwer to the laft^mentioned 
objection quite unneceflary. 

The fecond obje<5tion may be thus confi- 
dered. The fame attractive power, which 
draws acidulous gas from the air into lime, 
muft neceffarily prevent any confiderable 
quantity of the gas from entering deeply in 
a recent incruftation, until the lime at the 
furface isfaturated with it^ and confequently 
until a fuperficial layer of the cement is high- 
ly indurated. The fame matter, which du- 
ring its acceffion hardens this part, muft like- 
wife tend to render it clofer in the texture 
and lefs freely pervious to that which is ftill 
neceffary for the induration of the internal 
portions : and thus it happens that an incru- 
ftation grows harder at the furface, in one 

week. 
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week, thai! it does deeply in the -fubftaiiccV 
in a year, although bone-aflies be ufed to 
leflen the obftruiftion of the furface. .. Since 
therefore we know the reafon why the inte^ 
rior parts of au incruftation cannot harden ia 
a much longer time than is neceflary for the 
hardening of the exterior ; fince the mate- 
rials of the cement are the fame in the cen- 
tral parts as well as at the fuperfices, au4 
xnuft be equally afFefted by acidulous ga* 
when it can reach tp them ; fince by our ex- 
perience of old cements compofed of lime 
and fand, we know that the mduration ex- 
tends equally through the mafs pf them, ia 
the courfe of years ; it is manifeft that our 
ilucco will harden in due time through the 
whole fubftance of it, as much as it does in a 
porter time at the furface, and that the obr 
jc£tion, founded on the internal weaknefs 
noticed in the firft year, is futile. 

To prove this by experiment, fcrape away 
the hardened fuperficial ftratum, as 1 have 
often done ; and taking care to brufli off all 
that you have loofened beneath, leave the 
new furface of the friable part of the cement 
^xppfed to the air for a few weeks. You will 

find 
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fitid It to harden like the firft furface^ whUft 
the parts beneath it ftill continue brittle* 
Yott will perceive after a repetition of the 
like experiment in the fame place, that every 
part of the ftttcco is capable of acquiring 
the hardtiefs of the firft furface, in a few days, 
^rtd confeqtiently that the whde will accquira 
it ifi the longer time neceffary for the entrance 
fefdcidttjdusgas through the conipad exterior 
crttft. 

WitH regard to the objeftibns grounded 
cti Utir ftlort experience of this cement^ I 
think they can have irtry little influence z^ 
tttdngft informed men who know, from the 
tvritings of the antients, by the infpeftion 
tt old Cements, and by the analyfis of them, 
that mbrtar' made of lime and fand can 
endure every trial of the weather in the 
moft expofed fituatiorts for a thoufand years 
or more. Such objedions deferve no better 
*ttfwer than <>ught to be given to an illiterate 
Ldnddn bricklayer, who fhould objeft to th6 
ttfe of porphyry in building, becaufe he has 
no' certainty oif its being fo durablfe as th6 

bricks 



bricks which he had for ifxzay years cjc-^ 
perieqc^d. 

I AM aware of the opinion, which is pre« 
raJeiit at thi^ tiijie, that the antients ufed 
fbmething which is unknown to tis in their, 
mortar, and that this long loft ingredient ia 
the caufe of the duration and hardnefs of 
thofe ceroepts which we fo much admire ia 
forae of tKeir ftrvidures, A notion founded 
on conjecture does not denaand a ferious dit-, 
cuffion. I will therefore tyeat it as a fubjed, 
qf converfation rather than of argunaent, , 

ViTRuvius in the fifth chapter of the 
fe<:and book of his architefture Ipeaks thus 
of lime. 

^areautem cum recipit aquam^ & arenam 
csdxy tunc ca^mat Jirudluram^ hac ^e caufa 
viditur^ quod e prmipm uti cetera corpora^ it^' 
tS Jwcafuni temperata : & qu^ plus babent aerky, 
ftmt tenera : quie aqiue^ lent a funt ab bumore : 
qua teme^ dura : qua ignis ^ fragiliora. Itaqm " 
ex his faxa^fi aniequam coquantur^ contufa minute ^ -. 
mixtaque arena cqnjiciantur in JiruSturamy neg 
folidefcunt^ nee earn poterunt continere : fum v^rQ. 

. conjeSla 
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tof^eBa in forHacem^ ignis vehementi fervore , 
correpta^ amtferint priftina foliditatis- virtutem^ 
tunc exujlisj atque exhau/iis eorum viribus^ relin-- 
^uuntur patentibus foraminibuSy & inanibm : ergo 
tiyinr^ qui eji in ejus lapidis -corpore^ ^ aer cum 
exhauftus^ & erepius fuerii^ habueritque in fe re- 
Jiduum calorem latentem^ intin^s in aqua prius^ 
quam exeat ignisy vim recipit,^ t3 humore penetrant' 
fe in foraminum raritates confervefcitj © ita re- 
Jrigeratus rejicit ex calcis corporefervorem. Idea 
autem quo pondere faxa conjiciuntur in fornacemj^ 
cum eximuntur^ non pojfunt ad id refpondercj Jed 
cum expendmtur^ eadem magnitudine permanente, 
excoSto liquore circiter tenia parte ponderis im- 
minuta ej}e inveniuntur. Igitur cum patent fora-- 
fhina eorum^ & raritates j arena mixtionem in fe 
corripiuni^ & ita coharefcunt^ Jiccefcendoque cum 
camenis coeunty & ej[iciuntjiru£iurarum foliditatem. 

> The fame ignorance of the nature of lime 
is betrayed -by Alberti and later writers^ 
And fince we do not find any fcientific rules 
prefcribed by literary artifts, for the com- 
pofition of calcareous cements with fucK 
choien and forted materials as I have de» 
fcribed, or in fuch proportions of them ; and 
fince it is' highly improbable ^ that the re- , 

membraacct 
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membrance of an ufeful ingredient, or any 
knowledge once accquired in an art practifed 
in fo many countries nd by fo many cifFerent' 
perfons in every age, (hould have been loft ; 
we have the moft fatifadtory reafons for con- 
cluding that the antients had no (kill beyond 
that of our modern builders, in the prepara- 
tion of lime or mortar. 

The ruins of Herculaneum, and other 
reliques of their works, furnifti us with a- 
bundance of bad mortar and defeftive in- 
cruftations, which are inftances of their ig- 
norance of thofe principies*^i)y which the 
beft cement might be made equally cheap. 
The total ruin and obliteration of many of 
their buildings, argue to the fame end ; for 
well cemented work^ fufFer very little by* 
dilapidation, by reafon of the difficulty and 
expence of pulling them to pieces and ap^ 
plying the materials to other ftrudtures. If 
to thefe confiderations I can add an expofition 
of the fortuitous' circumftances which ren- 
dered feme of their cements uncommonly 
hard and durable, I hope I (hall not be fufpeft- 
ed of ungenerous invidious motives, in faying 
that the aqueduds and other ft:ru£lures, 

which 
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wbipH have }mn pr ei^rye^ to 93 thrwigh i« 
xsady 9gf s, |)y .tlj4 ftrengtb pf their cem^nt^ 
aF?'njflnp0»pftts rather of the good luck, than 
c^ my em^r^try ikill, of thofe who built 
tlM«©* 

. W^EN the n^ighbpiipQg ^'Udi'nes awarded 
good lime ftone, free frpgji gypfuiii, and 
fuch as required to be well burned before it 
Cpvi4 %ke frpely ; when the prepajration of 
the Jdijae, at the public expence^ afforded no. 
temptation for parfimoay in fuel ; and 
when the vipiuity of the lime ftpne, and the 
q^ipk confumption of the lixne in great maf* 
five wprks, prevented thofe injuries which 
k fuffains in long tranlporCation aad expofure, 
ip the fljijcing of great quantitie? of it at once, 
or in the keeping of xportar nja^e with it ; the 
igfxpr^we of <;he ajrtifts jcould not produce any 
defe<9t5 dependent on bad lipae, becaufe necef- 
fitj or .ch»nce inforqed all that could hav^ 
I^eoo fpughlt by choice, in this wik^noo. 

- Wh^j* thp yiiciniity nSiordcd iand, dean 
qyjkfcoiib ibarp ^eU £2ed and refembling oyr 
^jitijire pf the c;o;^fe an^ fine; chaBce fur- 

ni&ed 
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bribed all that Ikill could aiih at^ in thjt 
rfioice and preparation of this article. 

When walls of immenfe thicknefs were 
ednftnlfted cihiefly With fiiliill ftones, in the 
way of boulder- work, the great Cortfumptioil 
of mortar niade every pradtieable faving oi^ 
linie an objeft Of great importance J ahd as 
the mortiar niuft be made fiifF for fuch work^ 
It was tieither cohvenient nor neceflary td 
mix much lime in it, or to ufe fine fatid in it, 
or to exclude the rubble from it i and thus, 
by motives of decoiioniy arid cottvehience^ 
leather th^ii by any others, they were led to 
the meafures which infured to the dement o^ 
fuch ftrudtutes eVery perfection dependent on 
the goodnefs of lime arid fand and on good, 
if not the beft, proportions of them* 

WntN the ftones ufed iii building wete te-^ 
cently dug, or colle£ted from the beds of Jri-« 
vers, the artifts needed no precautions againft 
the bad effects of diry bibulous and dofty 
ftones or bricks ; and their works had, of 
ixeceffity, every good quality attainable by 
the praftice, which I commend, of ibaking 
thefe materials. When their water was good. 



tile cetn^ abounding in lime wis not much 
the worfe for tbeir igttorance of th« ^ of 
lime water. 

Whekt the ftrui^ure was intended to ftand 
tiy its own ilrength, ratlicr than to depend on 
tipihers ; and was by the folidity of its beat- 
iug^ and. the diameter of its ftoney fubftance, 
fecured frpm agitaticwa ; when the thickixefs 
9f the walls^ prevented the cement froxn being 
haftHy dried^ and afterwards iecured it from 
being thoroughly wett?ed; and when the enor- 
mous weight contributed to the approxima- 
tion ^id cohefixra of the. parts of the cement 
to each o^r and to the ftones ; every defejfl 
^f cemeiititious buildings, of a contrary de- 
fcription^ was ol)via(jed by the nature of the 
ftru(5ure, which rendered it as perfeft, in the 
hands of any artifts, as the moft confummate 
Ikill could ra^e our modern flender treiaju- 
lous bibiilous walls* 

In the cdnciirreneie of thefe circumftances, 
we 'fihd excellent cehients of great antiquity, 
which! need hot point out to literary men: 
but fmcb they are found no where elffe, thatl 
have difco\^efed ; and fince it is not probable 
ti^at the antients had any aft of this'kindun- 

known 
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known to the moderns, I think I Am iutho* 
rized to conclude that their beft cementitiouS 
^vorks, inftead of being held forth as in- 
fiances of their unequalled (kill, ought rather" 
to be coniidered as fubftantial proofs of the 
duration of mortar or ftucco duly compofed of 
fand and lime, beyond all others, and of the 
utility of thefe endeavours which I have made 
for preparing calcareous cements according 
to fcicntific principles, which enable us to 
make them in the higheft perfection in all 
places, and to accommodate them to every 
purpofc of ufe or ornament* 

I HAVE fludiotifiy avoided ftriCt comparifons 
of my cement or of the beft Roman cements, 
with the oil cements; becaufe the beft of thefe 
is private property ;* not' doubting that my 
liberal readers will give this lilence a conftruc- 
tion equally favourable to the proprietors and 
to me. But it is not neceffary to lay myfelf 
tinder the fame reftraint refpe6:ing the re- 
puted improvement of Monfieur Loriot, pub- 
liftied iti 1774 at Paris, in a pamphlet entitl- 
tdy " A treatifc on a new difcovery iii the 
** art x)f building, made by Monfieur Loriot, 
" mechanic and p^nfionary to the king;v in 

Qj& •* which 



\^ which is announced, by order of his mn-^ 
"' j^^"* ^^ method of compofing a cement 
^' or mortar fit for an: infinity of works a» 
*' well ia building as iii decoration**^ 

The firft half of this effay ferves only to 
difplay the fanguine hopes and lively imagi- 
nation of the author, which tranfported him 
beyond the bounds of his knowledge in this 
fubjeft, and all the rules of phyfical indue* 
tion. \\\ the thirty-firft page he fays that 
** the admixture of powdered quicklime, in 
** any mortar made whith flaked lime, ig 
*' the moft efFedual method of giving it 
*' every delirable perfe^flion ; and that this 

** is the chief difcovery Vvhich he announ- 
*^ ces/' In the next page he gives the fol- 
lowing prefcription. 

^^ Take one part of brick-duft finely fift-r 
*' ed, two parts of fine river fand Ikreened^ 
*/ and as much old flaked lime as may be. 
*' lufficient to form mortar with water, in 
V the ufual method, but fo wet withal as to 
** ferve for the flaking of as much powdered 
*' quick-lime as amounts to one fourth of the 
** whole quantity of brick-dufl; and fand^ 

** When 



^^ When the materials are well mixed, em- 
" ploy the compofition quickly, as the 
^' fmalleft delay may render the application 
*' of itimperfed or impoffible.*' 

In the 40th page he fays *' Another me- 

** thod of making the compofition is, to 

** make a mixture of the dry materials; 

^^ that is to fay, of the fand brick-duft and 

^* powdered quick-lime, in the prefcribed 

** proportion ; which mixture may be put 

*' in facks, each ^containing a quantity fuf^- 

^' ficient for one. or two troughs of mortar^ 

^' The abovementioned pld flaked lime and 

" water being prepared apart, the mixture 

** is to be made^ in the manner of plaiHer, 

*' in the inftant when it is wanted, and eveo 

^ on the fcaffold, and is to be well chafed 

*' with the trowel'* 

To exprefs Mr. Loriot^s difcovery briefly 
and difpaflionately, I would fay, when 
an ignorant artift makes mortar with whiting 
inftead of lime, he can mend it confidera- 
bly by adding lime to it: but his mortar 
will ftill be defedive, in companion with 
the beft that may. be made, by reafon of the 
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old flaked Kme or whiting. For on repeated 
trials I found this to be the true ftate of tho 
cafe* 

Lime fuftains lefs injury in powdering 
fmall quantities of it in a covered veflel, 
than by flaking, in the ufual method, with 
common water: and powdered lime, in the 
tnixing of it with fand and water, excites a 
Ivarmth in the mafs, which greatly contri* 
butes to its drying or fetting quickly. Mr, 
Loriot not knowing how to flake lime with- 
out impairing its cementing virtue, and 
taking the fpeedy exficcation as an omenof 
perfect induration, imagined the prefcrip- 
tion of powdered lime to be a great improve- 
ment. 

. If the powdering of lime, without ex- 
pdfing it much to the air, were not an ex- 
penfive operation, I ihould have direflied this 
powder to be ufed inftead of water-flaked 
lime, for thofe parts of an irxruftatiany 
which are prevented from drying in due 
time, by their vicinity to the damp earth or 
to projedions on \vhich the rain lodges. The 
cement to be applied in fuch circumfl:anccA 

ought. 
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frtjglit, as I faid in the Ipecification, page 
204, to contm more lime than I have pre* 
fcribed for other fituations; and it will be 
found the better for being made with pow- 
dered <juick-lime, becaufe it will dry the 
fooner, and becoming pervious to air in con* 
fequence of the exhalation of its water, it 
will more fpeedily acquire that hardnels 
which fecures it from being exhaufted of the 
lime by the conftant moifture or the trick* 
ling rain. 

Ths public are indebted to Mn Hartley 
For the experimental proofs he has given of 
the efficacy of his method of fecuring houfes 
from fire ; and to lord Mahon for thofe ju- 
dicious and expenfive experiments by which 
he has (hewn that a calcareous incruftation 
anfwers the purpofes of Mr. Hartlcy^s art. 
I am afraid that their good intentions will be 
frufirated by the indifference of men to dif* 
tant or improbable evils, and their difiike te 
any immediate expence which affords no ex- 
temporary convenience or ornament. But 
altho' fuch motives of oeconomy fliould dit 
fuade us from adopting their meafures in the 
fulleft extent, wt ought certainly to avail 

ourfelves 
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ourfelves of the ufeful l^nowledgc. which 
they have imparted, {o far as to prefer a fafe 
and durable ftucco, wherever it is appli* 
cable by the affiftance of hair, before wainf- 
cot or wooden ornaments. For although no 
metallic or calcareous covering can fecure 
the wood of a houfe from being pharred by 
a great fire, the danger of others is leflened a$ 
the combuftible materials are fecured from 
the a£lion of the air, and conf^quently frona 
contributing to the deflagration* 

. I have thouglit that the fmall ftones, 
which conftitute the gravel chofen for our 
roads, could not be reduced to duft fb fbon 
as they now are, by the heavy carriages, if 
they were firmly bedded in a fmall quantity 
pf coarfe and good calcareous cement, fb 
that the bodies which roll over them fhould 
rather comprefs them, than grind them 
againft each other as they do at prefent* 
And as. the frequent failures of pavernent 
are manifeftly owing to the infirmnefs^ of 
the ground and. the loofenefs of. the ftones, 
J have imagined that a fblid bed of cemen-* 
titious work, in the manner of the Romans, 
andt^e fettin^ of the paving ftones in good 
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mortar, would ultimately leffen rather thaa 
enhance the expence. I offer thefe con- 
jeftures in the hope, that no body will pre- 
fume to decide on the fubjeft, who does not 
know the difference between the common 
mortar, and the beft that can be made of lime 
and fand ; and that fome public- fpirited man 
Will make the experiment, where lime is 
cheap and the expence of pavement or of 
gravel is confiderable. If the expence ihould 
be found too great for any public work? of 
this kind, the fame meafures may neverthe- 
lefs b^ tried in private, areas and walks, in 
which the neatnefs, duration, and prevention 
of vegetation, may compenfate for the ex- 
traordinary price. 



THE END, 
AUG 1 1918 
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